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S ENTERTAINMENT it's “worth paying 

money to be mystified by a clever 
magician pulling white rabbits out of 
a silk hat. But—there’s no entertain- 
ment in being mystified by the internal 
ailments of a housed-in chlorinator. 
That’s why we suggest W &T Visible 
Vacuum Control chlorinators for your 
plant. All the working parts are under 
the glass bell jar in full view—with no 
chance for minor operating irregulari- 
ties to develop into major repair 
problems. 


For that reason, if for no other, you 
may count on low maintenance costs, 
satisfactory operation and long life 
from W&T Visible Vacuum Control 
equipment. 


“The Only Safe W 
isa Sterilized Water 


And this is equally true whether your 
problem be one of water sterilization, 
swimming pool disinfection, sewage 
treatment or any of the allied sanitary 
andindustrial processes of chlorination. 


Acard will bring you the details. 


ALLACE & TIERNAN CO., Inc. 


_ Manufacturers of Chlorine and Ammonia Control Apparatus 


NEWARK, NEW JERSEY 
Main Factory: Belleville, N.J 
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RESEARCH AND INVESTIGATIONAL ST UDIES IN 


4 ‘ WATER WORKS 


(Chief Engineer and General Manager, Bureau of Water Works and 
Supply, Los Angeles, Calif. ec 


The research activities of a water supply organization should be | 


limited to a search for new materials or methods that are required for 
better or more economical new construction, operationormaintenance. _ a 
The engineer in responsible charge, as well as those actually perform- — eee 


ing the work of experiments and studies, should closely observe the © 
possibilities of applying the results to field operations. In many — : 
instances what appears to be a splendid procedure in the laboratory 
or test proves impossible under actual field conditions. e a. 
New construction includes dams of various types, small reservoirs | . 
of concrete or steel, concrete conduits, tunnels, and pipe lines of steel _ a 
and cast iron. The materials of which these are constructed are — ay 
being constantly improved, and the engineer in charge should be able © 7 
to conduct such investigations of their usefulness as he requires. It — 
is best to obtain some first-hand information regarding a newly de- © 
veloped product before putting it into use, and not to rely entirely 
upon the conclusions of others whose problems may be considerably _ 
different than the one at hand. 


CONSTRUCTION METHODS 


Facilities should also be available for improving construction 
methods. The continual improvement of construction machinery 
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A. VAN NORMAN [J. A.W. a, 
permits better results in all types of construction than has been possible 
in the past. An example of this is seen in the construction of rolled 
earthdams. An extensive investigation of soil compaction developed 
a system of engineering control that resulted in a substantial reduction 
of construction costs, and a much higher soil density than had been 
attainable by the use of machinery previously available. It was 
found that the placing of the correct moisture in the soil before exca- 
vation from borrow pits permitted a more economical operation of 
excavating, hauling and compacting machinery. The cost of this 
investigation was more than repaid in construction savings and im- 
provements in the work, and the factor of safety in the dams con- 
structed by use of these methods was much more determinable. 


CEMENT 
Rapid developments are being made in the manufacture of various 


kinds of Portland cements. Some are being offered that develop low 
heat during the setting period and others attain their ultimate strength 
in a short time. The engineer must conduct tests on these products 
to determine that they meet his exact requirements before using them. 


STEEL PIPE 


A large water works system necessarily includes a considerable 
amount of steel pipe. The use of this product requires the best pro- 
tective coatings and most up to date methods of electric welding. 
These two processes are being continually improved and experi- 
mental work is necessary on these improvements before they are put 
into use. More than twenty-five separate prepared pipe coatings are 
available, and each, according to its manufacturer, is the best. This 
is a case where an endless amount of research work could be done. 
New types of electric welding rods are continually being offered. 
The only way to determine which are most suitable for the work at 
hand is by actual use under field conditions and the determination by 
tests of the characteristics of the metal thus deposited. 

Time in service gives the only reliable answer in the matter of the 
protection of underground work such as pipe lines. However, it 
has been found that many materials offered for corrosion prevention 
can be eliminated from consideration by means of easy and compara- 
tively quick laboratory tests. There are several conditions to be 
met by any protective coating for either hot or cold application before 
the major test of resisting corrosive forces in the ground begins. 
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For several years the Los Angeles Bureau of Water Works and 7 4 ; 

Supply has made practical tests of a strictly comparative nature on - : 
all sorts of coating materials and paints. These tests give consideration at 


followi oints: 


Hot Applications be 
Whether suitable for dipping or brushing. band io 


bas. © Brittleness at temperatures of storage and use of pipe. ‘ 
Adhesion to pipe surface. ly 
Softening and sagging from heat of sun. q 
_ Applied with or without priming coat. d 
Tendency to form corrugations, bubbles or lumps when dipped. it 
Type of dip kettle available—vertical or horizontal. 


Cold Black Paints 
For brush, dip or spray application. bites 


Drying time. babtofie flop 
eran Taste, if for inside of pipe. 

ah Thickness or number of coats necessary for complete coating. 
7 of Will it run when heated by the sun? ao ee 
it adhere if applied to a wet surface? 


to a scientific basis or standardized technique. It was realized, how- 
ever, that standardized and centralized testing would be of great 
value to all branches of the Los Angeles Water Bureau, and labora- 
tories are now in operation for the study of all phases of corrosion in 
connection with pipe lines. 

A recent special case in this connection came up when it was de- 
termined to replace a 2,700-foot section of 36-inch riveted steel pipe 
that had corroded to the point where leaks were frequent. Investi- 
gation showed practically no stray currents causing electrolysis, but 
a study of the soil was very interesting. The street is on the site of 
an old stream bed, and the soil was still wet and found to be stratified 
with layers of differing chemical characteristics. Much of this soil 
also was of an adobe type that adheres to most dips so tightly as to 
crack the coating when the adobe shrinks. Some of the factors in- 
volved in this job, outside of long life for the coating, were: 

Resistance to galvanic action, or off 

Resistance to shrinkage of adobe soil, $= 

Ability to stand high temperature from the sun while on the bank beside 
the ditch, 

Ability to resist abrasion or deformation from stones or clods in the ditch 
and backfill. 
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The protection developed was composed of three distinct layers of 
material. The first consisted of a hot dipped coating of a well known 
brand of bituminous material with good adhesion and elasticity. To 
insure having a uniform, thick coating without runs or lumps the pipe 
was preheated in a furnace to the dip temperature, and dipped in a 
vertical kettle. The second protective layer consisted of two coats 
of hard coal tar enamel applied in the field adjacent to the point of 
installation. This material was applied by rotating the pipe and 
spreading the poured enamel with pads held against the pipe. The 
purpose of this coating was to give a hard surface resisting the im- 
bedding of foreign material, as well as building up the resistance to 
moisture. The third protective layer was washed sand completely 
surrounding the pipe with a minimum thickness of six inches. This 
sand layer had several functions. It separated the pipe from the 
stratified soil; afforded protection of the black coatings from damage 
_ during backfilling; and will keep the adobe backfill from adhering to 
and cracking the dip. 


ELECTROLYSIS 


Another factor entering into the length of life of water pipe is the 
effect of electrolysis. Since the establishment of the Electrolysis 
_ Division on July 1, 1924, the investigations made to date have been 
confined to determining the true stray-current electrolysis conditions 
of the whole area occupied by the water works system, and to reducing 
or eliminating any hazardous conditions found. 
During this time a number of things have been accomplished that 
- could not be predicted at the commencement of investigations, as 
_ well as obtaining the expected direct results. Among the latter, we 
have learned to differentiate between damage done by the several 
corrosive processes, such as stray-current electrolysis per se, galvanic 
electrolysis by juxtaposition of different metals, corrosion due to 
stratification of soil, and combinations of these several processes. 
Such knowledge eliminates the expense and failure of applying the 
wrong remedy. 
The systematic and accurate determination of existing conditions, 
5 with the ability to state specifically the cause of damage and to prove 
such conclusions to those responsible, has commanded a decided 
measure of respect and confident coéperation from all the other public 
utilities, the electric street railways as well as the substructure-owning 
utilities. This has resulted in the mutual correction of poor practice 
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in construction and operation with the result that the stray-current =. = 
electrolysis problem in Los Angeles is today under good control and a ee 
much less hazardous factor than formerly. 
Our knowledge of conditions supported by recorded data has en- 
abled the Water Bureau to establish non-responsibility in many cases 
of claims for damage resulting from incidents of leaks and breaks, 
and at the same time be of assistance to consumers to prevent such 
damage. Many requests are now received from individuals, corpora- 
tions and municipalities to assist them in solving their corrosion 
problems. 
Other utilities have made investigations not covered by our re- 
search and the interchange of data has resulted in mutual advantage 
in reducing the cost of such investigations, in reducing the damage 
and hazard sustained, and in increasing the usefulness of our own 
data. This interchange of data has resulted in furnishing sufficient i sayy) 
knowledge of all corrosion conditions in the Los Angelesareathatnew 
systems can be designed and installed in such manner that the mini- _ 
mum of corrosion hazard will be encountered. showneeevib 


HYDRAULIC PROPERTIES OF CONDUITS 

It is often necessary to study the hydraulic properties of various 
types of water conduits to provide data for the design of new works, 
or improvements to eliminate unnecesary head loss. Information is 
often required that is not available in published literature. Data 
thus secured may permit a substantial increase in the capacity of old 
water carriers without a large expense for new construction. An 
example of this is seen in the recent increase in capacity of a sub- 
stantial portion of the Owens River Aqueduct of the City of Los 
Angeles from 400 to 480 cubic feet per second by an inexpensive 
method—consisting mostly of a smoother concrete lining and the 
repainting of the inside of several steel pipe siphons. nen 

SPREADING WATER FOR GROUND WATER STORAGE ou 

Due to the rapid growth of our western cities it has become neces- 
sary to make use of all available methods of water storage, both sur- oe 
face and underground. The San Fernando Valley has for many _ 
years been recognized as an invaluable ground-water storage basin, 
by engineers and those connected intimately with the water re- 
sources of the City of Los Angeles. It was this feature that deter- 
mined the location of the seominne of the Owens River Aqueduct at 
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the upper perimeter of the San Fernando Valley. It was realized 
that the bringing in of this water and the sale of all water not needed 
for domestic consumption to the ranchers of the valley would resy} 
in a part of the waters so sold percolating into the underground basin 
and add to the underground supply. 

As the demand of the metropolitan area increased it became more 
important that all available storage within the metropolitan area be 
utilized, thus reducing the hazard of shortage due to an interruption 
along the transmission line. Due to the porous alluvial materia] 
composing the eastern portion of the San Fernando Valley it is ideal 
as a ground-water storage basin. Composed of granitic alluvium, 
there are no continuous clay blankets which might prevent the pereo- 
lation of waters from the surface directly downward to the water 
table. It was proposed to store a part of the winter flow of the Owens 
River Aqueduct within this easterly portion of the valley and recover 
it either at the emergency plant in the central portion of the valley, 
known as the North Hollywood Plant, or at a later date in the lower 
diversion works from Griffith Part to the Elysian Park Narrows. 

The problem to be solved was to find area suitable for water spread- 
ing where the cost of land and construction of trunk line supply 
would not be prohibitive and at the same time be at a sufficient dis- 
tance from the North Hollywood Plant so that water spread during 
the winter months might become available during the following 
summer peak demand. This necessitated a knowledge of rates of 
percolation to determine the area of land required, and the rates of 
movement of the ground-water in order to locate the works at the 
correct distance from the point of diversion. In order to determine 
the answer to the above problem, a Department owned parcel of 

ground in the territory under question, and immediately adjacent to 
numerous wells, was converted into a testing plot and for two winters 
a series of tests on different types of spreading were made and the 
resulting effect of the water table observed. As the soil of the test 
plots was of the poorest that would be considered as spreading area, 
it was believed that any percolation rate determined from these tests 
could safely be used in the purchase of any property within this dis- 
trict. As a result of the data obtained from these tests, a total of 
183 acres of land was purchased and spreading basins constructed on 
a part of it. 

During the past year a total of 31,298 acre-feet of water was spread 
on an area of 47 acres, which in an average rate of 6.92 acre-feet per 
per day. 
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od lew age RECLAMATION OF SEWAGE 


Realizing that at some time in the future it will become necessary 
that water now allowed to run to waste into the ocean as sewage must 
be reclaimed, the Los Angeles Water Bureau has been carrying on ex- Pe : 
periments with a sewage treatment plant. Due to prejudice against Hi ' 
the direct use of this treated water regardless of its purity, it willbe 
necessary to spread this water and then recover it at a lower point oe 
in the ground-water basin. With this in view, a small spreading area _ - 
has been operated in conjunction with the reclamation plant, and all — 


types of spreading experimented with. act ivibat 
Sti uti at sited 
LABORATORY CONTROL 

The Bacteriological and Chemical Laboratories are indispensable __ 
in coping with the many problems peculiar to water supplies. Thous- 
ands of dollars are saved annually by the judicious use of chlorine, | 
copper sulphate and ammonia in the treatment of water. Instead of 
adding chlorine continuously it is now applied only during the rainy 
season and at such other times as control measures are necessary, __ 
with no sacrifice whatever in the purity of the delivered supply. | 
Economy in the use of copper sulphate is effected by adding it in the 
right amounts and at the correct times to control vegetable growths _ 
in reservoirs and thereby eliminate complaints from consumers, reduce _ 
street main flushing and produce a better tasting water. 

Laboratory analyses are useful in studying special problems. Con- 
siderable inconvenience is being experienced by growths on the in- 
terior of the aqueduct which cuts down its carrying capacity at times 
as much as ten per cent and necessitates interruption of service several 
days a year to remove the growths. It appears that the cause of this 
trouble is the presence of organisms living on free carbonates probably 
liberated by excessive algae growths in Haiwee Reservoir. Whether 
or not it is cheaper to maintain a biological balance in Haiwee Reservoir 
to prevent the formation of free carbonates, or to recarbonate the 
water at the outlet of the reservoir to redissolve the free carbonates 
and thereby eliminate the cause of the troublesome growths, has not 
yet been determined. Another vexing problem is an alleged boron 
content reputed to be harmful to a few lemon growers in the San 
Fernando Valley. Some boron does enter at Hot Creek and a pro- 
posal was made that a section of Hot Creek be by-passed. Subse- 
quent studies reveal, however, that boron may enter the supply in 
greater amounts from other sources, and that the simple expedient of 
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regulating storage at Tinemaha Reservoir enables water to be de. 
livered at San Fernando Valley with safe boron limits during the jrrj- 
gation season. 

In all lines of business endeavor it has become necessary to strive 
continuously for supremacy and leadership. In the same manner the 
people of the nation have come to expect the utility supplying them 
with water to deliver it in its maximum state of purity and quality, 
To accomplish this, the utility, whether publicly or privately owned, 
must not only meet all new developments, but due to problems of 
an individual nature must constantly experiment on improvements 
and betterments in its construction, operation and maintenance. 

(Presented before the California Section meeting, October 22, 1983.) | 
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. MODERN WATER CHLORINATION PRACTICE dl | 

By L. H. ENstow that 
(Editor, ‘Water Works and Sewerage’ and Sanitary Engineer, The 
Chlorine Institute, New York, N. Y.) 


Chlorination of potable water supply dates back to 1908 in America pit 7 


but was practiced successfully as early as 1902 in Belgium. Fora — 
long time considered, in conjunction with filtration, as being the line | 
of last defense only, chlorination is now an acknowledged integral _ 
part of the complete process—and an increasingly important part. = 
Interestingly enough, in early chlorine applications in conjunction © 
with filtration the chlorine was applied prior to filtration, only to be 
changed to the filtered water, and now, in numerous instances, re- 
turned again to the raw water, or the coagulated water to produce 
desired effects in filtration practice other than mere disinfection. 
Although chlorination of water had become fairly widely practiced 
in America by 1915 it was not until 1918 or 1919 that chlorination was 
placed on a basis subject to prompt and simplified control. I refer 
to the practical application of the orthotolidin test in the control of | 
chlorine dosages so as to insure the presence of residual chlorine in _ 
the treated water under all conditions—thereby insuring adequacy of 
sterilization without over chlorination—an accomplishment which — 
previously could only be assured through tedious bacteriological ex- 
aminations, requiring several days for completing the test. Such time — 
requiring control technic frequently had proved inadequate for con- 
stant protection. Chlorination having been placed on a dependable _ 
basis by employing such a simplified control method, the process 
gained in favor markedly: this because of its greater dependability 
and reduced likelihood of over chlorination with inevitable taste = 


complaints resulting. SR 
COMBATING TASTE TROUBLES 


When dealing with fairly pure waters the taste problem was solved 
by resorting to the use of this new and handy index of chlorination _ 
efficiency. But to make matters interesting to the w ater en 
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man, along came the problem of taste production which was traced to 
the reactions between chlorine and foreign matter in the water—in 
many instances traceable to human or industrial pollution or to pipe 
coatings, but in others created by natural conditions, notably the 


resence of decayed vegetation and disintegrating algae. | 
presence of decay grating alg 


Super- and dechlorination 

To combat such disturbing conditions it became necessary to open 
up a new bag of tricks in chlorination practice which included the 
practice of super-chlorination to destroy, by oxidation, the offending 
materials and thereafter employing dechlorination to obviate chlori- 
nous tastes due to the excess chlorine added. The process has been 
effective, but somewhat expensive. ow 


virco 


The application of permanganates in conjunction with ordinary 
chlorination was a cure in many instances and continues to be effec- 
tive in dealing with certain conditions wherein algae and decayed 
organic matter has been responsible for the production of color, 
tastes, odors, hydrogen sulphide and ferrous iron or manganous man- 
ganese. Naturally, permanganates are most satisfactorily applied 
to the water prior to filtration. It is most effective when used in 
combination with prechlorination which insures removal of the ob- 
jectionable manganese during the coagulation and filtration process. 
One should not overlook the value of permanganate in future prob- 
lems and even though the newer processes appear to have a greater 
appeal on the whole there are situations in which permanganate treat- 
ment in conjunction with prechlorination has distinctive advantages 
as an oxidizing process. vee 

lortroo 
Prechlorination 

Repeated warnings, that prechlorination would destroy the ef- 
ficiency of the bacteria removing ‘‘schmutzdecke”’ of the filter beds, 
were disregarded by a few hardy hearted operators who were of the 
opinion that a good stiff application of so powerful an agent as chlorine 
might be effective in keeping down obnoxious growths and putrefaction 
in the basins and filters and serve moreover as an oxidizing agent to 
destroy many of the contaminating end products of decay or the es- 
sential oils already present in the raw water. Half hearted attempts 
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ately then eventually so. The process in to 
erate super-chlorination and gradual dechlorination through progres- = 
sive conversion of much of the residual chlorine to nascent oxygen, 
the remaining excess being removed during passage through the filter 
beds. In addition to taste improvement it was apparent to many that 
other technical and also economic advantages such as, improved co- 
agulation, less filter bed troubles, less wash water requirement and 
less putrefaction of sludge in the basins were being realized. The — 
move toward heavy prechlorination was decidedly in the correct direc- ee - 
tion and this much has been indicated by the recent return in several _ 
instances to a heavy chlorination of the raw water and discontinuance 4 
of pre-ammoniation. Because ammoniation slows down the oxidizing a 
action of chlorine and thereby its destructive action on organic im- __ 
purities—including those responsible for objectionable tastes—for ie 
this and other reasons, ammonia may be more effectively applied to ea 
the filtered water. a 
For the work of taste destruction, raw water chlorination preceded _ 
by or followed by applications of activated carbon is preéminently _ 
the most universally successful procedure. More about this process _ 
and the efficacy of pastrecnenemiation later. a 


been in several instances an effective taste prevention procedure, but — 
care in manipulation is required and the practicability of the process 
in comparison with post ammoniation is to be questioned. __ 
Post ammoniation 
_ Ammoniation was first practiced for taste prevention by Houston 
in England and later by McAmis at Greenville, Tenn., in 1926 where = 
the process proved, according to the latter, to have beeneffectiveand 
“as simple as rolling off of a log.’’ From this beginning the use of 
ammoniation in conjunction with chlorination has grown until there — ae = 
are now 650 installations of ammoniation equipment in America, _ a 
At Greenville it was a case of preventing chlorinous tastes and more oe aan q 
especially tastes which residual chlorine produced when coming in 
in contact with the lining of the mains or the painted interior wallsof __ oe 
the standpipe. To many the process was equally as simple as at ah 
Greenville, but to others somewhat disappointing—except in prac- — =e i: 
tically every instance the chlorine required to maintain a definite re- ee s 
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sidual chlorine value in the treated water could be and was reduced, 
The reason for this was readily explainable. The chlorine fixed as 
one or the other of the two chloramines (principally dichloramine jn 
waters of less than 7 pH values and almost wholly monochloramine jp 
waters as high as 8 pH value) had a much lowered oxidation potential 
and thereby did not attack and combine with reducing organic prod- 
ucts as rapidly or as pronouncedly as did the more powerful chlorine 
or the hypochlorous acid which chlorine produces. Neither did 
chloramine-chlorine attack the living organisms as vigorously and 
this constituted its one weakness. 

The chloramines, being mild compounds, did not impart a chlori- 
nous taste to very pure waters nor did they combine with foreign 
bodies to produce tastes in less pure waters. It merely became a 
matter of securing the most efficient distribution of the ammonia prior 
to an efficient and thorough distribution of the chlorine to demon- 
strate the true value of the process and to produce maximum econo- 
mies. We have long since learned that the more perfect the distri- 
bution of these two chemicals the less the quantities of chemicals 
required and particularly is this of major importance in reducing to 
a minimum the requirement of the more expensive ammonia. Mod- 
ern practice involves the use of lower and lower ratios of ammonia 
to chlorine. Prior to an understanding of the importance of distribu- 
tion and mixing, ratios of 1 ammonia to 2 chlorine, or even higher, 
were practiced—whereas, now, in post-ammoniation practice (am- 
monia added after filtration but prior to final chlorination) the ratio 
of 1 ammonia to 4 chlorine proves in most instances ample and even 
lower ratios are effective in many cases. 

The matter of the required ammonia-chlorine ratio is a fixed quan- 
tity for any fixed condition. It is decidedly variable, however, with 
varying pH values of waters. If we assume the pH value to be ad- 
justed to a constant point, as practiced in modern corrosion control, 
then the quantity of ammonia to be added will be governed by the 
available ammonia content originally present in the water treated. 
: In other words, there is a defined minimum of ammonia needed to 
L produce chloramines from a given weight of chlorine. If there is some 

ammonia already in the water it becomes necessary only to make up 

the deficiency. It may not be out of line then to suggest the 
application of lime in pH adjustment prior to the addition of the 
5 post-chlorine application or along with the chlorine via a common 
hose line. In doing so it becomes necessary, however, to recall that 
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in waters adjusted to pH 8 or higher the reaction velocity of the mono- 
chloramine produced is materially slower than that of dichloramine 
and thus the contact period required for efficient bacterial destruction 
must be increased, i.e. unless prechlorination has been employed. If 
prechlorination, producing maximum safety, has been employed, then 
the major value of the ammonia-chlorine post treatment becomes that 
of precluding tastes and insuring the several advantages of sterile 
conditions in mains, reservoirs, dead ends and a safeguard against 
chance pollution from unforeseen causes, including leaky cross con- 
nections. 

Returning to the matter of the mild action of chloramine-chlorine 
it has been learned, as was to be expected, that chlorine in this form 
created a saving in chlorine added to secure the same residual chlorine 
value found effective before beginning ammoniation. It was not 
appreciated until later, however, that, the milder form of chlorine 
being a less efficient bactericide, a high concentration would be re- | 
quired in safe practice, unless the water had already been effectively _ 
prechlorinated. That an increased contact period was necessary, was" 
generally appreciated, but, on the other hand, the considerably slower 
bacterial attack at pH values above pH 7.8 and at temperatures under 
10 degrees Centigrade were not accorded sufficient recognition until — 
studies made by Gerstein in the Water Control Division of Chicago 
and by Holwerda in Holland revealed the significance of these two _ ai | 
important factors. ; 

In discussing the Chicago report in 1931, the writer felt it necessary 
to sound a note of warning to operators of chlorinating plants where 
ammonia was being used and chlorine was being saved by maintaining a 
no higher residuals than had been found requisite without ammonia- 
tion. This warning has been subsequently proven a justifiable one, es 
namely, that a new and lesser weight must be given to residual _ 
chloramine-chlorine values. Further, that it would be found that 
higher residuals would be required in many instances. How much 
higher, would be determined by such factors as temperature, alkalinity _ 
and the available period of contact. It can now be stated with fair p 
assurance that about double the residual to produce former efficiencies 
with ordinary chlorination (after 10 minutes of Tr will be re- 
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that 20 minutes of contact and perferably a longer period should be 
1 anticipated as the minimum safe requirement; and with waters as 
t alkaline as pH 8.0 and higher there is a hazard in making any sort of a 
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rule which might be laid down as safe practice in cold weather, Jy 
every instance the operator should determine safe practice for the 
conditions at hand. It is a fortunate condition that much higher 
residuals may be carried without complaint from taste and this situa- 
tion makesit possible to start at high figures and drop the dosage gradu- 
ally to a point where further lowering will constitute doubtful safe 
practice. This rule applies equally in the control of swimming pool 
chlorination as to that of potable water, si 


MODERN AMMONIATION 
In modern practice ammoniation is being employed to do two 
major things—(a) to prevent chlorine tastes created by over chlorina- 
tion and (b) to create a persistent form of available residual chlorine 
which has a pronounced value in the distribution system. 

Concerning the latter, I refer to the fact that the presence of the 
chloramine keeps down dead end complaints (red water or black 
water)—and reduces the necessity of frequent main flushings. It 
controls growths of crenothrix and the like in the mains and supresses 
biologically created tuberculation in long mains or in distant fringes 
of the distribution pipe system. It prevents putrefaction of pipe 
slime carried to the dead ends—the latter being a breeding ground for 
acid producing organisms that sap the oxygen from the surrounding 
water and cause the production of foul odors, including hydrogen 
sulphide, and vile tastes, including phenolic substances in dead end 
water, not to mention high carbon dioxide and iron content due to 
corrosion. It is a fortunate water works superintendent who does not 
receive numerous summer complaints from consumers on dead ends 
or who has not tasted of the iodoformish water at such points when 
chlorine alone has been used and the residual chlorine in the fresh 
(new) water intermingles with the foul water stagnating in low 
velocity sections of the system. 

To those in charge of non-filtered supplies which suffer a variable 
flow or pumping rate or variable composition of the water, or both, 
wherein the water flows directly to the system or reservoir floating on 
the line, the ammoniation process has been a great boon. The careful 
control of chlorine dosage in such cases has become of secondary im- 
portance. The upper limits of non taste producing residual in the 
form of chloramine are sufficient that the minimum chlorine require- 
ment can frequently be set for maximum rates of draught and that 
maximum residual at minimum draught or flow will not exceed the 
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permissible. The early morning “chlorine cocktail’’ is a rare bever- 
age in the consumers home, seved with water treated by the ammonia- 
chlorine process which is accorded some semblance of supervision. 
Referring now to the weakness of the process, i.e., the longer period 
required or the higher residuals requisite with shorter or longer con- 
tact. ‘To procure the previously outlined advantages, the process can 
be reversed when applied to the waters which do not produce other 
than tastes of chlorine, i.e., no chloro-byproduct taste. If the avail- 
able contact period is short between the point of chlorination and the 
consumer, it may be more feasible to insure rapid sterilization by add- 
ing the chlorine first and thereafter apply the ammonia to convert the 
residual chlorine to chloramine. In other words, add chlorine suf- 
ficient to leave 0.2 to 0.4 p.p.m. residual after a 10 minute or longer 
contact and then apply ammonia and simultaneously the alkali, if 
such is used to raise the pH value to control corrosion. One interest- 
ing feature of this reverse procedure is the reduction in ammonia 
requirement, i.e., only sufficient ammonia to combine with the residual 
chlorine is required and not an amount to satisfy the entire chlorine 
dosage as in usual practice. Economically and hygienically such a 
procedure has its distinctive appeal where practical. t 
bee 


ACTIVATED CARBON AND PRECHLORINATION = 


By all odds the most modern and sure-fire practice in taste control 
involves the use of powdered activated carbon in conjunction with 
prechlorination or without it. From all that can be learned through 
observation, however, a combination of prechlorination and carbon 
treatment produces superior results to either alone. Depending 
upon the desired accomplishments, the carbon is applied to the raw 
water along with or ahead of the chlorine or it is applied to the coagu- 
lated settled water just ahead of the filters. The best practice under 
variable conditions is subject matter for a paper in itself. For assist- 
ing coagulation and supressing sludge putrefaction, in addition to 
taste removal, or where short period coagulation basins are involved, 
it seems sufficient and preferable to apply carbon to the raw water. 
If the water is turbid or the coagulation basins large, no carbon is 
added to the raw water, but rather to the clarified water only. There 
are intermediate conditions wherein application at one point atone =~ 
time and another or both points at other times is apparently bat oe 
practice. 
The great value of carbon is its ability to remove colloids from the Ts . 
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water and that means actually increased purification of the water 
7 and with it taste removal, in contradistinction to taste prevention, 
. ; Indicative of the actual adsorption and removal of chlorine demand- 
ing substances from the water is the observation that water (raw or 
settled) when treated with powdered carbon prior to chlorination 
has its chlorine demand value reduce—sometimes appreciably so, 
~ There is evidence that a small quantity of powdered carbon added to 
the raw water improves coagulation and interestingly enough in such 
high dilution the carbon does not dechlorinate the water. To the 
contrary, in combination with carbon, the residual through the basins 
becomes more pronounced, but when powdered carbon is laid down 
on the sand filter bed it completely dechlorinates the water passing 
through it and simultaneously adsorbs and removes taste producing 
chloro-products that may have been formed together with other 
taste imparting elements. That is, powdered carbon when dispersed, 
as is the case in water pre-treatment, passes through chlorinated water 
without combining with the diluted chlorine, but carbon in compact 
form as on a filter bed or that in granulated carbon units does react 
_ with the chlorine to remove it completely. 
Experience indicates that probably the greatest overall economy 
— and efficacy result from the practice of mild super chlorination of the 
raw water, involving dosages of between one and three parts per 
million, which improves coagulation, oxidizes organic constituents, 
- eontrols algae and thereafter dissipates to a marked degree in passing 
through the basins. And thereafter activated carbon applied to the 
filter influent completely removes the residual chlorine and along with 
it colloidal constituents including taste or odor producing bodies. 

In asimilar manner filters filled with granular carbon serve the same 
purpose and there is at least one installation of such filters for the 
_ purpose of dechlorinating a clear, but colored, water which has been 
bleached with super chlorination and contact ahead of the carbon 
units. Without prechlorination, however, carbon beds have their 
troubles and it appears that chlorine is a most satisfactory material 
to keep activated carbon active if not actually render it more active. 


SOME IMPORTANT ASPECTS OF PRECHLORINATION 


Prechlorination practice has expanded considerably in recent years. 
Pe Z Possibly this has been the result of the fact that seeing is believing 
ss when it comes to benefits derived, possibly as a result of the studies 
as + conducted by the U. 8. Public Health Service at the Cincinnati 
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Station which resulted in a favorable report on the efficacy of the proc- 
ess (excluding bacterial efficiencies of the filters), and possibly as the 
result of the increasing use of activated carbon and the better condi- 
tion of the filter units wherever prechlorination is practiced. 

In some instances prechlorination has been less costly than post 
chlorination alone. Why? Because the use of more chlorine has 
made it feasible and practical for the consumer to purchase chlorine — 
in one ton containers at a much more favorable price. Asa result, the — 
total consumption of chlorine costs no more and probably less than aa . 
previously, notwithstanding the increased use. . 

Not the least advantage from prechlorination has been the high 
safety factor which the process provides. A purification plant running 
on prechlorination has at all times a tremendous barrier between the _ 
raw water supply and the consumer, in the nature of sterile filters 
and coagulation basins filled with high chlorinated water. Lapses — 
of chlorination or dependence on post chlorination, faulty contact 
period and reduced efficiencies when ammonia is employed in post | 
chlorination become matters of secondary concern so long as pre- 
chlorination is effectively accomplished. Recent experiences at — 
Detroit, wherein prechlorination prevented possible difficulties when | 
post chlorine dosage control tests were vitiated by misleading readings _ 
of residuals, isa case at point. 

AN IDEAL PLANT OPERATING ARRANGEMENT 

It is probably hazardous to set forth one’s views in regard to ideal 
filter plant operation at this time of rapid improvements in such 
matters, but the author can not help but be impressed with the highly 

successful accomplishments at certain plants, among them the one at 

Richmond, Va., at which the following procedure is involved. 

A. Prechlorination (12 to 25 pounds per m.g.) t bedaaw 

(Residual of 1 p.p.m. or more) 

- B. pH adjustment in coagulation control with lime or acid when 
pat required. 


©. Coagulation by quick mix followed by mechanical flocculation. 
Sedimentation. 
_ *E. Powdered activated carbon applied to filter influent. gia 
F. Ammoniation and post-chlorination. san 


_ G. pH adjustment to 8.4 with lime. 
_H. Residual chlorine of not less than 0.2 p.p.m. found at any 
point on the distribution system—no complaints. 
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(*Note: The long period of sedimentation following coagulation has 
rendered the use of raw water carbon treatment of greater expense 
than its use at the filters in the Richmond plant. At other points 
carbon application to the raw water alone or split between the raw 
and applied water may prove more effective.) 

The new plant of the Lehigh Water Company at Easton, Pa., has 
with success recently modeled its treatment on the same pattern ag 
indicated above and doubtlessly there are others which have had 
similar experience. It is the author’s belief that the Richmond plant 
was the first to work out completely this scheme as the result of having 
tried variations of many kinds, including pre-ammoniation with pre- 
chlorination, chlorination with powdered activated carbon and am- 
moniation switched to the filter effluent. 


INCIDENTALUSESOFCHLORINE 

The use of chlorine and hypochlorites for disinfection of new mains 
has been very thoroughly dealt with before this Association during 
the past few years. The process is becoming increasingly popular. 

For oxidation of manganese and iron in raw waters chlorination is 
being more widely used than ever before. 

For cleaning filters, super chlorination of the sand beds appears to 
be the most satisfactory scheme evolved. In super chlorinating filter 
_ beds, the practice is to drain the sand bed down to the gravel and 
while filling with influent water dropping over the troughs, chlorine 
gas is diffused into the inflowing water through large porous diffusors 
or chlorine water is applied from a regular chlorinator, or an injector 
of hard rubber, or other resistant material. The bed is allowed to 

— remain filled to just above the sand surface with the chlorine water 
for 18 to 24 hours and is then vigorously stirred on the surface and 
washed thoroughly. The treatment is repeated until the sand be- 
comes clean. Once clean the treatment is repeated at intervals. As 
a ready substitute for chlorine, strong solutions of hypochlorites are 
effective and simple of application. The secret of filter bed cleansing 
lies in the destruction of living growths and the granulation of organic 
films and mud around the sand grains and gravel. The resulting 
sharp clean sand will not create mud balls, and cracks and bed shrink- 
age away from the side walls are done away with. The sand in 
filters having been subjected to a series of systematic treatments 
appears as new sand with the result that the cost of sand removal, 
a or replacement has been saved. 
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A new scheme of coagulant production involves the passage of _ on 
chlorine water upward through a tower filled with scrap iron. The i ae ia 
overflow water contains ferric chloride in weak chlorine water thus ay if 

producing at one operation coagulation and prechlorination. This — = 
scheme is similar to that developed at Baltimore, Md., for the pro- rr 
duction of chloride of copper in algae control in which the dosage of iat 
copper is a function of the rate of chlorine water application at the 


bottom of the tower. - 
At certain plants chlorinated ferrous sulphate, “chlorinated cop- _ a 
peras,” continues to be used as the coagulant best suited for the is 


conditions at hand. Lately, ferric-sulphate has become available 
at prices competitive with copperas and chlorine and renders this 
new material attractive because of its ease of handling and efficiency. 


THE HANDY PACKAGE OF CHLORINE 


One could hardly discuss modern practice in water chlorination 
without referring to the handy package of chlorine which is repre- 
sented by the dry concentrated hypochlorites—‘H. T. H.” and 
“Perchloron.”” These products contain 62 to 75 percent of available 
chlorine, and are now widely used for incidental or emergency chlorina- 
tion, cleaning filters, sterilization of mains, algae control, swimming 
pools, small water supplies and large reservoirs. 

(Reprinted from the Journal of the New England Water Works 
Association, March, 1934, because of the general usefulness of the 
summary to the water works profession.—Ep1ror. ) 
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-_ BOOSTER STATIONS AT TRENTON WATER WORKS 
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oes (Deputy Director of Public Works, Trenton, N. J.) 

104 hal 
The City of Trenton was incorporated in 1792. The water supply, 


the source of which was springs and wells, was carried through wooden 
mains, first laid in 1740. 

Iron pipes were first introduced into this system (which was pri- 
vately owned) in 1839. The water works was purchased by the City 
in 1859 and continues to be municipally owned and operated. The 
City was formerly governed by Common Council and was finally 
" changed in 1912 to the Commission form of government. The water 
. works was assigned to the Department of Public Works of which de- 
partment Abram Swan, Jr., has been Director for the past twelve 
years and during whose reign the various pumping improvements have 
been made. 

Water was first taken from the Delaware River in 1853, and this 
still continues to be the source of supply. 

Until 1913 the water was delivered to the consumer unfiltered, 
but during that year there was put in operation a 30 M.G.D. Roberts 
rapid sand filter at a cost of $500,000, which has been supplying pure, 
wholesome water to approximately 168,000 consumers. This plant 
was built under a bond issue. No further bond issues have been 
made for any improvements since that time. 

The river water flows by gravity from the river through a concrete 
flume 4 feet by 12 feet by 338 feet to raw water wells, thence pumped 
by two low lift 20 M.G.D. de Laval Units to the filter plant. There 
it is filtered and returned by gravity to the clear water wells at the 
main pumping station approximately 400 feet distant, where it is 
picked up and forced to the storage reservoir located approximately 
a one mile distant, under 155 foot head by two electrically driven 20 
M.G.D. de Laval centrifugal pumps, each equipped with 700 H.P. 
Westinghouse motors operating at 4150 Volts, 75.5 Amperes, 3 Phase, 
60 Cycle, 900 R.P.M. This reservoir was built in 1899, with a capac- 
ity of 120 million gallons, supplying approximately 7} square miles 


By Frank M. WINDER 
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of the city under gravity flow. The mode of general pumpage to the | He 2 
reservoir was formerly steam, being changed in 1931 to electrically — 
driven pumps. The current is purchased, resulting in a considerable = 
saving over the former steam layout. oo 

The higher elevations of the city comprise two districts, each having % 
its respective booster system and supplying an additional 3} square 
miles as follows:— 

District No. 1, known as Pennington Avenue Station, supplying two BS a 
square miles, is now supplied through a stand pipe 75 feet high and — 
95 feet in diameter, with a capacity of 300,000 gallons. It is our Nia 
practice to maintain a tank level of from 65 to 75 feet. This stand pipe i? cs 
originally installed in 1906, is about to be discarded and the system — 
changed to one of direct pumpage, with an increased head of 20 feet, 
in order to satisfy the demands of the newly populated Hiltonia 
Section. 

The new station is designed with 1-2-3-4 M.G.D. de Laval Units, 
electrically driven with 20, 40, 50, 75 H.P. motors respectively, tobe == 
so controlled that they will automatically start and stop as the con- 
sumption rate demands, or may be manually controlled. The small 
one million gallon pump takes care of the low night consumption and _ 
practically churns during the few idle hours, maintaining a constant 
pressure throughout this district, which is isolated from the reservoir 
or gravity district by the closing off of the various street boundary _ 
valves and pumping across check valves arranged in the discharge : 
side. ©. 

District No. 2, known as the Paul Avenue Booster Station, was _ 
built in 1926, supplying 13 square miles; a section outside the City of 
Trenton and farthest from our source of supply. This section was 
largely built during the war period and the gravity pressure from the 
reservoir was an average of 11 pounds. 

Prior to this installation we were besieged with complaints from 
this section, and it was imperative that something should be done to — 
remedy the condition. 

After consideration of the initial cost and upkeep of a tank, it was 
decided that the direct pumping system was preferable. These plans — 
were accordingly adopted and the station was equipped with 1-2-3 — 
M.G.D. de Laval Centrifugal Units, electrically driven with 15, 30, 
40 H.P. motors, automatically controlled and may also be manually 
controlled. In order to make the increased power used as small as 
possible, the one million centrifugal unit, with its 15 H.P. motor, is 
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operated to keep the pressure up during the minimum consumption 
hours. The cost of the power after the consumption is practically 
off during the night period is very small in this size pump and motor. | . 
We consider this cost of power over the cost when tank is used tobe 
less than the cost of upkeep and depreciation of tank. . 

The advantage of a constant pressure instead of a variable pressure — 
was also taken into consideration in deciding upon the direct pumping — 
units. This section now enjoys a constant pressure of 47 pounds — 
over their gravity pressure of 11 pounds, as previously mentioned. 

In planning the new layout at Pennington Avenue, District No. 1, 
it was deemed advisable to use the direct pumping system for the same © 
reasons as stated for the Paul Avenue Station. In addition to these — 
reasons, at the Pennington Avenue Station, the required 20 foot head — 
increase would necessitate tearing down and rebuilding the present 
tank. The tank was in a very badly-pitted condition on the inside, 
as was shown by inspections made about two years ago. 

It can be seen that booster stations have been made necessary __ 
through the development and populating of the higher elevations 
of the city. While the consumers have enjoyed extremely low water 
rates, these improvements and creation of booster stations have fl 


taken from current revenue, which has been sufficient to meet the a Ye 
cost of operation, maintenance and extensive improvements. 1) 
Our pumpage in 1913 was 21 M.G.D. for the entire system. Dur- _ i 
ing the past 20 years this has been reduced to 16.M.G.D.,orareduce 
tion of approximately 24 percent. The population served has in- eS “2 
creased during this same period of time over 60 percent, witha per 
capita rate of 192 gallons in 1913 as compared with 100 gallons in 
1933. 
The revenues have remained constant and the results of this con- __ 
servation have made it possible to build these booster stations to — 
satisfy the consumers’ demands for increased pressure, without bond 
issue or the changing of water rates over the 20 year period. 
The costs have beenasfollows: | 


rata 


‘ 
‘ 
4 


Main Station Electrification, etc. 175,000 .00 
Booster No. 1, Change to Direct Pumping............... 10,000 .00 
Booster No. 2, Building and Land....................... 14,000.00 
Booster No. 2, 16,000.00 
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_ Our average electric costs per million gallons of water pumped are 
$7.87 as against $9.86 under the steam system. 

The increases in population, revenues, factory demand, ete., as 
against a reduction in pumpage, are shown in figure 1 to demonstrate 
the introduction of booster stations without any noticeable increase 
in general operating costs. Re 

A. Pererson (De Laval Steam Turbine Company, Trenton, N. J.): 
Mr. Winder’s paper is of considerable interest and value in bringing 
out the advantages and possibilities of the centrifugal pump as a 
booster pump. 

Years ago there were many who did not realize that the centrifugal 
pump took full advantage of the pressure on the suction in building 
up a higher discharge pressure; in other words, boosting the suction 
pressure. The result of this was that main pumping units were some- 
times designed to deliver sufficient pressure to supply high sections 
of a city, even if the quantity of water required by such a section was 
a very small part of the total demand. 

With the present general knowledge of the principles of the cen- 
trifugal pump such a thing can probably not happen today, but it 
may pay water works’ engineers to check up on.old installations to 
make sure that the operating head on the main pumps cannot be 
materially reduced by installing somewhere in the system a few small 
inexpensive booster pumps to take care of the supply to small sections 
of high elevation. 

The centrifugal pump is flexible enough so that the impellers in the 
main pump can often be turned down enough to reduce the head de- 
veloped by this pump after the booster pumps are installed and con- 
siderable saving in power will often be obtained. In many cases it 
will pay to scrap an old main pump and replace it by a new one of 
materially higher efficiency at the same time the booster pumps are 
installed. 

Mr. Winder’s department showed very good judgment in selecting 
his booster pumps for the two stations of widely varying capacities 
rather than two pumps of the same capacity in each station. Al- 
though the efficiency curve of a centrifugal pump is comparatively 
flat over a considerable range in capacity, the efficiency alone cannot 
be considered in determining the size and number of pumps for a 
booster station. The characteristics of a centrifugal pump are such 


: oy 
4 
4 
e- 
“ 
= 


yoL. 26, NO. 5] BOOSTER STATIONS AT TRENTON 595 | 


that with a reduced capacity the total head generated by the pump is" 
increased making it necessary to throttle the discharge of the pump | 
when operating at partial capacities. Therefore, even if the fieney 
of the pump should be high at reduced capacity, the head developed 
by the pump is increased, even if the system requires a lower head 7 
than that at full capacity and consequently there will be a waste of a 
power. 

Taking, for instance, the pumps for the Pennington Avenue Sta- 
tion, which pumps were designed for a net head of 75 feet or 32. es 
pounds boost in suction pressure, the 4 M.G.D. pump operating at 1 — 
M.G.D. would produce a net head of approximately 100 feet or a 
the pressure a little over 43 pounds and would then require 38.2 B.H.P. 3 ; 
The 1 M.G.D. pump designed for 75 feet net head has anefficiency of 
the 81 percent and requires only 16.4 B.H.P., thus resulting in a saving - bs 
of power of 21.8B.H.P. It would not require a whole lot of operation = 
at 1 M.G.D. to pay for this pump out of saving in power. e 

Even if the 2 M.G.D. pump is used for 1 million gallon operation 
there would be a saving in power of about 7 horsepower by using the 
1M.G.D. pump. This indicates that in many cases it paysto have — 
comparatively small steps in capacities of the booster pumps. These — on ae 
pumps are of comparatively small size and therefore inexpensive. 
Often, even if the pumps are of different capacities, many parts such _ 
as bearings, shafts and shaft sleeves are interchangeable between the 
different pumps. Therefore, the amount of spare parts that have to ae - 
to be carried would not be much greater than if two pumpsofthesame _ 
capacity were installed. 

It is interesting to note that Mr. Winder has provided for auto- = 
matic starting and stopping of his booster pumps as the consumption — ; 7 
changes. This is also conducive to high operating efficiency. oan 

While on the subject of automatic pumping, it may not be out of 
place to bring out that, in view of the simplicity and reliability of 
centrifugal pumps and electric motors, they may be operated forlong 
periods without any attention whatsoever. This means that these | 
pumps can be installed in small inexpensive buildings or even below 
street level in any location where they may be required, and it is only 
necessary to provide for occasional inspection of the units to make | 
sure that the bearings are properly lubricated. Bris 

(Presented before 4-States Section meeting, March 8, 1984.) 
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URE MAINS 


d Technical Advisor, Transite Pipe Department, Johns- 


Manville Corporation, New York, N. Y.) 


. Asbestos cement pipe is composed of a mixture of asbestos fibre 
and portland cement, formed under high pressure into a dense, homo- 
geneous structure—strong, durable and remarkably resistant to de- 
_ structive agencies. It is made in five pressure classes for heads up 
to 500 feet of water. 


USE IN EUROPE 


Similar pipe has been used in Europe for more than twenty years, 
and in Italy alone more than three thousand miles of asbestos cement 
_ pipe for conveying water are now in service. In Great Britain, where 
is this type of pipe has been manufactured since 1928, it is used for many 

_-——s jmportant works throughout the Empire and loan periods of 25 and 

30 years have been allowed. 

- Asbestos cement pipe has also been widely used in other leading in- 
_ dustrial countries and ten factories are now in operation throughout 
_ the world for the production of this material. In the relatively short 
period since asbestos cement pipe was manufactured in America, 
several hundred installations have been made in various parts of the 
United States and Canada, many of these being pressure mains for 

se 

PROCESS OF MANUFACTURE 

In making this type of pipe the mixture of asbestos fibre and port- 
land cement is built up by a continuous process on a revolving steel 
_ mandrel which is rovated until the required wall thickness is ob- 
tained. Steel pressure rolls produce a dense, homogeneous structure 
and insure an intimate bond between the cement and asbestos fibre. 

The asbestos fibres in this pipe are analogous in their effect to the 
steel in reinforced concrete structures, but with the important ad- 
vantage that the asbestos fibres are thoroughly mixed with the cement, 
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toughness and tensile strength of asbestos cement pipe are directly : 

traceable to this reinforcement of asbestos fibre. . 
The completed pipe is removed from the mandrel, matured in water — 

for 7 days, and additionally air-cured for a minimum of 21 days before 


test and shipment. q 


ASBESTOS CEMENT PIPE AND TUBERCULATION 


Of the problems involved in water transportation, tuberculation is — 
the most prevalent, the most troublesome and the most expensive. 
Tuberculation usually results from a chemical reaction between the  __ 
water in the pipe line and the metallic elements of the pipe itself. — 
Regardless, however, of the exact cause of tuberculation in any partic- _ 
ular case, the result is the same—a gradual filling of the interior of — 
the pipe and progressive reduction in its carrying capacity. 

It is now generally recognized that a pipe line, although structurally _ 
intact at the end of twenty years, may actually prove a decidedly — 
uneconomical installation if tuberculation has reduced its carrying 
capacity. How tuberculation destroys the effectiveness of a pipe 
line and causes excessive operating and maintenance costs is discussed ; 
later in connection with the economic aspects of water transportation. 

Since asbestos cement pipe is not metallic, it cannot tuberculate. 
Lines in service sixteen years show no sign of this obstruction. 

Its corrosion-resistance has also led to the use of this pipe for mine te ~ 
drainage and for industrial process liquor lines. It is of interest 
to note that many of the earlier European installations of asbestos ar 
cement pipe were used to carry sea water. After many years ofthis _ 
severe service the pipe still shows no deterioration, = 

FREEDOM FROM SOIL CORROSION 

The enormous toll exacted each year in the United States by soil 
corrosioa is now well known. Oxygen and water, the principal causes _ 
of this destruction to ordinary pipe material, do not harm asbestos ee 
cement pipe but, instead, act as curing agents. Added to this, the e 
pipe is immune to the action of ordinary soil acids and salts. This i 
same resistance to corrosion is responsible for the universal use of _ 
portland cement concrete for underground structures. 

Asbestos cement pipe, as a result of its manufacture in many parts 
of the world, has been installed in all types of soil and under a wide 
variety of climatic conditions. In the United States and Canada 
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to be highly corrosive to other pipe, cinder fills being an outstanding 
example. 

This high resistance to corrosion minimizes maintenance expense 
and prevents costly renewals, delays in service, and replacing of ex- 
pensive paving. 

ELECTROLYSIS 


Stray electric currents from high voltage lines or from street rail- 


__ way systems set up a highly destructive action at the point where they 


leave a pipeline. It has been shown by careful investigation that one 
ampere per year corrodes 20 pounds of iron and 74 pounds of lead. 

Not only does electrolysis due to direct current cause serious dam- 
age to pipe lines, but evidence also indicates that in many instances 
alternating current is responsible for odors, tastes and color in drink- 
ing water.! 

Electrolytic action is intensified in those regions where the soil has 
a comparatively low dielectric strength, permitting the ready passage 
of electric currents. In this type of soil it is particularly important 
- that a non-conducting pipe material be used. 

Since it is a non-conductor of electricity, asbestos cement pipe pro- 
vides protection against electrolysis. The flow of electricity in an 


existing line may be interrupted by introducing several sections of 


this type of pipe at intervals in it. 


Numerous tests show that asbestos cement pipe meets the strength 
requirements for hydraulic service. The ultimate unit tensile and 
compressive strengths used in the design of asbestos cement pipe are 
- 3,000 and 10,000 pounds per square inch, respectively. The elastic 
limit coincides with ultimate strength and all deformations up to the 
_ breaking point are elastic deformations only, the pipe returning to its 
original state as soon as the stress is removed. 

Tests have shown the unit stresses in bursting, bending and crush- 
ing to be remarkably uniform, as might be expected due to the homo- 
geneous structure of the material. 

f Before shipment each section of asbestos cement pipe is tested with 
a hydrostatic pressure 100 percent greater than the working pressure 
for which the pipe was designed. Tests to destruction show a mini- 

mum factor of safety of 5. 


1A New Criminal in the Taste and Odor Field, American City, October. 
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Like all portland cement products, asbestos cement pipe, instead 7 a 
of deteriorating with age, progressively increases in strength during : 


When subjected to pressure even to the bursting point, asbestos 


cement pipe shows no evidence of dampness or exudation on the out- os 
side. As a test of permeability, a section of this pipe, connected at a ee 
one end to a source of clean water and with a discharge stop for ae u 
sampling at the other, was submerged in sewer liquid for a year. — 
Though coli bacilli were present in the sewer liquid, repeated pik Nes 
of the water showed no contamination even when a vacuum was _ 
created inside the pipe. The value of impermeability and bottle- 
tight joints is emphasized when pipe lines must be run through swamp 
land or polluted soil. 


Water loss due to leakage has been the subject of intensive study, 
not only because of the immediate monetary losses which it entails, 
but also because it tends to nullify the best efforts toward water con-— 
servation. Various sources of leakage have been measured and it _ 
has been definitely determined that pipe joint leakage accounts for a i 7 
large part of the total water wasted. ar ‘4 

This form of water loss has been so universal that specifications = 
generally allow joint leakage of one hundred gallons per inch diameter, _ ie 
per mile, per twenty-four hours, while many specifications permit as 
much as twice or three times this amount of leakage. . 

Breaks in mains, usually attributed to other causes, often are 
directly due to water leakage washing away the supporting soil and 
causing the unsupported pipe to fracture under heavy traffic. 

The magnitude of water leakage is due to the fact that most of the 
pipe now in service for water distribution is connected by inflexible | 


joints, 


Flexible, bottle-tight joints are formed with an asbestos ‘cement 
sleeve and two rubber rings. Both the sleeve and rubber rings are 
circular, without joints; the rubber rings being round in cross section. 
The inside diameter of the sleeve is larger than the outside diameter Be 
of the pipe, while the cross section resembles a U, the ends of which ra 
form shoulders on the interior of the coupling. - 
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ring is on each section of pipe. 
joint. 
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The joint is made by placing the sleeve on the end of the last piece 
of pipe, followed by a rubber ring which is located by a mark on the 
pipe, about 8 inches from the end. The other rubber ring is placed 
about 4 inch from the end of the pipe at a position indicated by 
another mark on the pipe. The marks extend around the entire 
exterior circumference of the pipe and are placed there at the factory, 
All joint making material is now in place and the next length of pipe 

is lowered into the trench ready for the assembly of the joint. 
By the use of a simple and rapid pulling device which is furnished 
with the pipe the sleeve is pulled over the two rubber rings so that one 


the 


— 


1. Starting position. (Pipe 
is marked at factory to show 
proper position of rubber 


rings) 


2. Second position. One rub- 


ber ring compressed 


3. Final position. Both rub- 
ber rings compressed 
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Fig. 1. ASSEMBLY OF SIMPLEX CoUPLING ease 
af 


The coupling is centered over the 

Easily and quickly applied, the Simplex Coupling is largely 

responsible for the low installation cost of asbestos cement pipe. 
The rubber rings in Simplex Joints not only assure absolute water- 


- tightness, but provide sufficient flexibility to permit movement under 


the static and dynamic loads and vibration to which the pipe line may 


_ besubjected. The flexibility of this type of joint, in addition to per- 
- mitting movements that cannot be controlled, provides a means of 


making long sweeps without the use of special fittings. An angu- 
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larity of as much as 12 degrees is possible so that all except sharp 
bends can be made with straight sections of pipe. a aT 
The elimination of water leakage through the pipe joints a : 
in a number of important economic advantages: (1) pressure is in- _ : 
creased; (2) pumping costs are reduced; (3) extension of the system _ 
may be made without installing additional pumping equipment; (4) _ 
the water wasted in leakage is made available for sale; (5) the per — 
capita consumption is decreased so that growing demands may be © 
met without additional facilities; (6) water treating and filtering costs — 
are reduced; and (7) more water is available for fire protection. ae ne 
Rubber rings in the joints of water pipe last indefinitely because Pau 
in this service they are not exposed to light, heat or air. Rubber has — . 
rendered long service in many parts of the world as the sealing medium — 
of pipe joints, authentic records being available of service for 29,41 and _ 


great improvement in the science of rubber compounding since these 
old installations were made clearly indicates that inthisservicerubber 
may be considered indestructible. te 
iby = 
ECONOMICAL WATER TRANSPORTATION 


_ Water lines, with few exceptions, are called upon to carry anever- 


increasing volume of water. In many instances, this greater volume __ a 
must be pumped through a line which is constantly decreasingincarry- == 
ing capacity. The result is that pumping pressures must be continu- | 
ally increased. When this process reaches a point where cost becomes ‘ ey 
exorbitant, the pipe must be cleaned or an additional line installed. — 
Neither of these courses would be necessary had the original capacity 
of the line been maintained. These facts emphasize the economy ofa _ 
water main, reasonable in first cost, which can be depended upon to | 
maintain indefinitely its initial delivery capacity. 
Even though the unobstructed diameter of a pipe line remains = 
the same, if the interior surface is not smooth and low in friction  __ 
throughout its life, then pumping costs are bound to be higher from 
this cause. The Williams and Hazen formula expressing flow of 
water in pipes recognizes the effect of varying surface smoothness by | 
a varying coefficient, devermined by test. An average coefficient of “s on “a 
C = 100 represents much more expensive pumping than for a con-— 
dition where C = 140. Stated in another way, the pipe with a coef- 
ficient C = 140 has a capacity equivalent to 140 percent of the one " - 


with a coefficient of 100. 
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q Constant high delivery capacity 


The coefficient C for asbestos cement pipe has been proved in nu- 
merous tests to be greater than 140. Among the determinations 
made were tests conducted by Professor E. E. Scimemi of the Royal 
School of Engineers, Padua, Italy, by the Engineering Schools of 
Zurich and Berlin and by W. S. Pardoe, Professor of Hydraulic Engi- 
neering at the University of Pennsylvania, Philadelphia. The follow- 


ASBESTOS-CEMENT PIPE, C=140 
CONSTANT CAPACITY 
c=130 


c=120 IN 5 YEARS al 


24" TYPICAL PIPE 
CAPACITY CURVE 


IN 19 YEARS 


ON RATE OF INCREASE OF URBAN cad 


POPULATION FOR YEARS 1910T01930 


| | | 


=C=110 IN 11 YEARS 


4 
1910 1915 1920 1925 1930 1935 


Fig. 2. The Williams and Hazen coefficient is a measure of the friction losses 
in a pipe line. An increase in friction loss results in lower delivery capacity 
of the line. The curve for a typical pipe shows the approximate reduction in 
delivery capacity caused by tuberculation when the pumping pressure remains 
constant. Note that the capacity of asbestos-cement pipe is unaffected by 


age. 


ing quotation is taken from an article by Professor Pardoe on “Tests 
of Cement Asbestos Pipe:’”? ‘“These figures indicate that the cement 
asbestos pipe will discharge 15 percent more than clean cast iron and 
45 percent more than slightly tuberculated cast iron pipe.” 

Sir Alex Binnie, the well-known English hydraulic engineer, found 
values on asbestos cement pipe from 145 to as high as 165. 
ty, 


?Engineering News-Record, January 28, 1926. 
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The conservative minimum value which may be expected from com- 
pleted asbestos cement lines in service is C = 140. The smooth in- — 
terior wall imparted to it by the highly polished steel mandrel on | 
which it is made provides a surface with minimum resistance to the 
flow of water. 

The advantages of constant pipe cross section, smooth interior sur- 
face and tight joints may be briefly summarized as follows: 

1. Simplification of design of system: Assurance that at the end of 
a period of years, the capacity of the line will be the same as when it 
was first laid, eliminates approximation in design. This makes pos- 
sible more accurate and economical provision for the increased de- 
mands which may be placed on the system. 

2. Saving in initial cost of system: Pipe subject to tuberculation 
often must be of larger diameter than would otherwise be required. 
This is necessary to offset lowered capacity and increases the initial 
cost of the line. Not only the cost of pipes, but that of pumps, is 
affected by lowered pipe capacity. If the pipe line capacity were to 
remain constant, the pumps might be designed to operate against 
lower friction heads and at constant peak efficiency, thus reducing 
their size and rating. The units furnishing power for the pumps 

could then also be designed to operate at best advantage. 

3. Reduced operating costs: Pumping cost, one of the major expendi- 
tures in water works operation, is greatly reduced when the frictional 
resistance in the pipe line is minimized. Assume a 12-inch pipe de- 
livering 2,400,000 gallons per day. With a coefficient of 140 in the 
Hazen and Williams formula the power required to overcome pipe 
friction per thousand feet of pipe is approximately 2.5 H.P. With 
the coefficient reduced to 100, however, the power required to over- 
come friction is approximately 4.8 H.P., or an increase of 92 percent. 

The increased power cost per year of 6000 hours pump operation, 
based on a cost for power of 2 cents per kwhr. and motor and pump 
efficiencies of 90 percent (combined 81 percent), amounts to $254.09, 
or approximately 25 cents per lineal foot of pipe per year. In this 
case, the smooth pipe with a value of ‘‘C’”’ equal to 140 requires 48 per- 
cent less power in overcoming frictional resistance. 

If a pipe line offers constant, instead of fluctuating, flow resistance, 
pumps may be rearranged in an existing system to operate at their 
maximum efficiency. This effects a saving in operating expense which 
is the counterpart of the saving in initial cost, mentioned above. 
Instead of having greater pump capacity made available for future 
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needs but operating at the present time at low efficiency, the best con. 
dition can thus be attained immediately. 

A third operating cost militating against economy is water leakage 
through the joints of collector, force and distribution mains. Water. 
tight joints abolish this loss. Such leaks, in the event of low pressure 
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on the interior of the water main, are also a source of danger by con- 
tamination from polluted water on the outside. 

4. Reduced maintenance and replacement costs: If interior growths 
_ are eliminated, the necessity for cleaning mains no longer exists and 
the continuance of high delivery capacity enables a system to 
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serve a community adequately for a much longer period than would 
otherwise be possible. 

Freedom from tuberculation is of paramount interest to the operator 
ofa gravity flow system because reduction of effective pipe flow area 
cannot be partly compensated for by additional pumping pressure. 
To maintain a given pressure the pipe must be continually cleaned or 
renewed. 

Water loss from pipe joints, while creating one operating loss, also 
frequently necessitates maintenance expense because the water re- 
moves the soil under the pipe line. This causes breaks to occur when 
loads are applied on the surface of the ground at that point. 

The heavy tribute exacted by electrolysis and soil corrosion may be 
avoided by the use of a material which will not transmit electric | cur- 
rent and which is highly resistant to acid and alkali soils. tAsal 


Low installation costs 


On numerous installations of asbestos cement pipe careful records 
on costs of transportation, trenching, distributing pipe, placing pipe 


in trench, leveling, making joints, and backfilling, disclosed a sub- 
_ stantial saving over the installation cost of other types of water pipe. 
All of the following factors contribute to the economy of this pipe. 
7 .™ relatively light weight results in appreciable savings in trans- 
portation costs. 

2. Light weight also effects a saving each time the pipe is handled 
from the factory until installed in the trench. Unusually difficult 

handling conditions at the site of installation may emphasize this 
saving. 

3. Due also to the light weight of this pipe, mechanical equipment 

need be used only on the larger sizes of pipe. 

4. Due to the flexibility of the couplings, pipe may be installed in 
trenches which are not entirely accurate as to line or grade. 

5. The absence of any caulking operation eliminates the necessity 
for large bell holes. 

6. Should rain or ground water cause wet trenches, only the mini- 
mum amount of water necessary to allow men to work in the trenches 
need be pumped out to install asbestos cement pipe. It is possible to 
assemble a Simplex Coupling under water. 

7. The installation of Simplex Couplings is rapid and simple. Due 
to the flexibility of these couplings several crews can work at the same 
time at different sections of the line. 
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8. Skilled labor is not necessary in assembling an asbestos cement 


ro rae pipe line. Instead of caulking, which necessitates skill and care, 
- - particularly when water is present, the joints are mechanically as- 
sembled. 


#4 9. All but the sharper curves can be made with straight pipe and 
Simplex Couplings. Pipe can be cut to shorter lengths to provide 
ze - additional joints for unusual conditions. Minimizing the number 
"4 of fittings develops the routine of laying pipe to a high degree. 
10. Pipe may be cut with a hack saw or with a well-set wood saw, 
( The pieces left from the cut are always usable as the cut is clean with 
cal, at smooth edges and without cracks or fissures of any kind. 


11. Testing of the line is simplified by the use of this pipe as the 
joints are always bottle-tight, eliminating the necessity of re-caulking 
leaky joints. 
12. Service connections can be installed, with the same tools now 
Re an _ in use, while the line is wet or dry. Valves, too, can be cut into lines 
a _ with equipment now used for other types of pipe. 
- a (Presented before the 4-States Section meeting, March 8, 1934.) 
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DEVELOPMENT OF THE AUTOMATIC ZEOLITE WATER x 


sh (Vice-President, The Permutit Company, New York, N. Y.) tan 


There are two methods of water softening available: lime-soda 
and zeolite. The lime-soda process is used mainly to soften surface 
supplies for the larger cities. The usual filter plant hasa coagulating _ 
and settling basin into which coagulants are added to clarify the water. __ 
By making the settling basins somewhat larger and providing means 
for feeding lime and applying carbonation, a filter plant can be modi- 
fied into a lime-soda plant at no great increase in cost. Zeolite,how- 
ever, is gaining popularity for the small plants especially on well = =—9_—> 
supplies. There are probably over 50 municipal zeolite plants in ge 
operation today and most of these have been installed inthe lastfew 
years. 

To select the type of water softener best suited to each case, a 
consulting engineer should be engaged to study the water composition 
and engineering conditions surrounding the installation. One of the 
deciding factors is the presence of facilities for convenient disposal 
of the sludge from the lime-soda plant. Ifalargestreamisnotavail- 
able to receive this sludge, zeolite is favored. ' 

The automatic zeolite softener is the latest step in a continuous _ 
development of zeolite equipment for the softening of water. A 
résumé of the research that preceded it will, therefore, be of interest. 


HISTORICAL 


The zeolite process of water softening was introduced into the United 
States about twenty years ago. It wasa radical departure fromthe _ 
art of water softening then in use, from which it differed in the fol- __ 
lowing respects: 

(1) The zeolite process removes the hardness without the addition 
of any chemicals and without the formation of precipitates. There- 
fore, no settling or filtration to separate these precipitates from the 
water is necessary. Instead, the water merely percolates through a 


ig 
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bed or layer of zeolite in a suitable container and the water softening 
reactions are accomplished by contact with the granules of zeolite 
and without the zeolite going into solution. The reaction that takes 
place is one of base exchange. The sodium zeolite gives up its sodium 
in exchange for the calcium and magnesium (the hardness) of the 
water. After the zeolite has thus given up its available sodium, it js 
regenerated by passing common sodium chloride brine through the 
zeolite. The sodium from the brine enters the zeolite, so that it js 
restored to its original sodium condition, ready for its next softening 
run. 

(2) The earlier method (lime-soda) does not remove the hardness 
completely. The amount of residual hardness depends on such 
factors as temperature, time, raw water composition, and the excess 
of reagents added. The zeolite process, on the other hand, produces 
an effluent of practically “zero hardness.” 

(3) The zeolite process operates without the addition of soluble 
chemicals and therefore no chemical control is required to proportion 
the amounts of such reagents to varying flow rates and varying 
raw water compositions, and no over or undertreatment results. If 
the raw water becomes harder, the only effect is that a smaller num- 
ber of gallons of completely softened water is produced between re- 
generations. If the raw water becomes softer, more gallons of soft 
water are produced. 

The early history of the development of the zeolite process involved 
an educational effort and some years of actual demonstration before 
the public gave due recognition to the merits of the new process. 
After that initial educational stage, the progress in the development 
of the zeolite process during the last twenty years wasrapid. Many 
fields of application were found. Boiler plants, laundries, textile 
plants, hotels and other buildings, paper mills, and municipalities 
and individual households widely adopted the process. A conserva- 
tive estimate of the total number of zeolite softeners, both of the house- 
hold and industrial type that have been installed since the introduction 
of the process into this country, is between 150,000 and 200,000. In 
the industrial field alone, the number exceeds 30,000 and, of these 
30,000, over 9,000 have been installed in boiler plants. These boiler 
plants range in size and pressure from small heating plants to one of 
the largest, high pressure boiler plants in the country, evaporating 
about 6,000,000,000 pounds of steam yearly, at a pressure of 600 
pounds per square inch with 80 percent make-up. on i ae 
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DEVELOPMENTS IN THE APPLICATION OF THE ZEOLITE PROCESS j 


This rapid growth in the adoption of zeolite softeners by indus- 
try called for considerable research work to determine the benefits 
to be derived from zero hardness water in many industrial fields. 
The technical processes employed in laundries and dyehouses, wool 
scouring plants, etc. were studied and many improvements in their 
plant processes made to gain all the advantages and savings which 
the zeolite process permitted. 

In the boiler plant, for waters high in temporary or bicarbonate hard- 
ness, a combination of lime pretreatment to reduce the bicarbonates, 
followed by zeolite to finish the softening, was found advantageous. 
This involved a study of the neutralization of excess lime in the pre- 
treated water to avoid after reactions. Feeding devices for the 
various neutralizing agents were developed. 

In the boiler plant also, it was found that the zeolite treated water 
kept the concentrated salines inside the boilers fairly clear. This 
suggested the possibility of continuous boiler blowoff through heat 
enchangers to permit recovery of nearly all the heat contained in the 
blowoff water. The clear salines kept the heat exchangers me 
This permitted greater economy in boiler operation. : 

In the municipal field many well waters contain iron as well as h: a 
ness. It was generally contended that such iron was prejudicial to 
zeolites. Experimental work proved that downflow zeolite softeners 
could successfully remove such iron together with the hardness. 
These experiments were followed by the installation of many municipal 


zeolite softeners handling both iron and hardness simultaneously. 


FURTHER DEVELOPMENTS IN THE PROCESS 

Much research work has been done in connection with the zeolite | 
process itself during the last twenty years. Many improvements in — 
the zeolite employed and in the design of the zeolite softener equip- 
ment containing the zeolite have been made since the advent of the 
zeolite process. 

The first zeolites were of the synthetic melted type made by fusing 
the ingredients together in a typical glass furnace. The glass was — 
then crushed and hydrated. These zeolites were usually regenerated 
in from 6 to 12 hours and it was therefore customary to provide the © 
zeolite softeners in duplicate for continuous service, so that while 
one unit was being regenerated, the other would carry the load. , 
other types of zeolite were later dev (a) Precipitated 
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gel type of synthetic zeolite; (b) processed glauconite or greensand. 
Both of these later zeolites are regenerated much more rapidly. A 
30 minute regeneration period is generally employed today. 

The gel type of zeolite has high exchange powers and is therefore 
particularly suited for the household field. 

Processed glauconite is practically non-porous and this makes it 
particularly suitable to handle surface waters that are not always 
perfectly clear, or well waters containing iron. It was also found to 
be much more rugged and resistant to wear and tear. The average 
replacement of this zeolite required over a period of years is about 2 
percent per annum. 

Special zeolites were also developed to remove iron and manganese 
from water. In general these are zeolites carrying higher oxides of 
manganese on the surface of their granules which oxidize and remove 
the iron and manganese as the water percolates through a bed of the 
zeolite. Such zeolites are regenerated by permanganate of potash. 

The zeolite softener apparatus also underwent many developments. 
The method of distributing the incoming water and brine and col- 
lecting the softened water went through many changes. The 
earliest softeners had perforated plates to support the zeolite with 
vertical grids or partition plates projecting into the gravel. These 
were later replaced by a system of header and laterals embedded in 
concrete with special long shank strainers serewed into the laterals. 
Brine distributors were developed to introduce the brine uniformly to 
all portions of the zeolite bed. 

A method of brine recovery was developed so that the purest part 
of the waste brine from a preceding regeneration is stored and re-used 
in the initial stages of the ensuing regeneration. This reduced the 
amount of salt required about 50 percent. By this and other improve- 
ments in regeneration the salt required for regeneration has steadily 
decreased from as much as 1 down to less than 1/2 pound per thousand 
gallons per grain of hardness removed. 

Methods of salt handling were virtually revolutionized. In the 
early days it was necessary to weigh out each batch of salt, dissolve 
it and pump or inject the brine into the softener after first draining 
the softener. A saturator was developed which stores an excess 

of undissolved salt in saturated brine. Since saturated brine was of 
constant strength, it was then possible to measure the brine by volume 
rather than by weight. A definite depth of brine was drawn from the 
saturator for each regeneration. This led to the development of 
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underground large wet salt storage basins, capable of storing one or 
more carloads of salt in saturated brine. It eliminated storage rooms 
for dry salt and saved space as well as the labor of handling the salt. 

The cycle of operations of a zeolite softener may be briefly sum- 
marized as follows: 

(a) Softening run—this is followed by: 

(b) Backwashing—an upward flow of water through the zeolite 
bed removes dirt from the top of the zeolite and at the same 
time hydraulically grades the zeolite granules so that the 
, finer grains are on top. These finer grains assist in the uni- 

form distribution of water and brine. 

(c) Salting—brine is introduced into the softener. 

(d) Rinsing—the brine is driven down through the zeolite by fresh 

water and is rinsed to the sewer, or partially recovered. 

To assist the operator in determining when the softening, run has 
ended, a water meter is usually provided for each softener. Later a 
special electric contact head was developed which is connected to 
the meter so that an electric circuit is closed to ring a bell or sound 
an alarm when a definite number of gallons has passed through the 
softener. 

For the backwashing operation two improvements were invented. 
The first was an automatic backwash rate of flow controller placed on 
the backwash effluent line which prevented excessive wash rates 
from washing out zeolite. This controller consisted of a float operated 
special valve which maintained a constant level of water in a sump 
that is provided with an adjustable weir or orifice. The second im- 
provement was a specially constructed slow opening V-port valve 
on the backwash inlet which accomplished a very slowly increasing 
rate of flow as the backwash started and a slowly decreasing rate as 
it ended. This avoided shocks to and disturbances in the zeolite 
and supporting gravel layers. 


ORIGIN OF AUTOMATIC ZEOLITE SOFTENER IN THE HOUSEHOLD FIELD 


In the household field, the problem that had to be met from the 
start was extreme simplification of the softener. The average operator 
of a household softener is averse to the opening and closing of a set 
of individual valves to carry out the four steps of softening, backwash- 
ing, salting and rinsing, even though this cycle occurs only about 
once a week. The development of various forms of multiport single 
ollowed, which permitted the cycle of opera- 
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tions to be carried out by rotating the valve to various positions indi- 
cated on a dial. The most practical and simplest form of such mul- 
tiport single valves was a flat rotary type which employed a new 
principle of using a hard rubber valve disc rotated in close contact 
with a stationary bronze port plate. This ensured tightness, easy 
turning and ruggedness. This single valve carried out all the func- 
tions previously served by a nest of individual valves plus the brine 
ejector which is built right in the body of a single valve itself. Several 
thousand of these manually operated multiport single valve house- 
hold softeners have been in successful operation for some years. 

Even this simplification did not suffice. The demand soon arose for 
a completely automatic self-regenerating softener that would require 
as little attention in the household as the automatic oil burner or 
refrigerator. Various designs were developed and thousands of auto- 
matic softeners are in use in households today. One of the most suc- 
cessful types employs the manually operated single valve above men- 
tioned modified to make it suitable for electric motor operation. 
After the softening run is completed, the other three operations of the 
cycle can be initiated either by push button switch or by a clock ora 
meter. By the ingenious design of the ports of the valve, a continuous 
rotation carries out the three operations in succession in the correct 
order and allows the correct time intervals for each step while the 
valve continues to rotate without stopping until the softening position 
is again reached. 


DEMANDS IN THE INDUSTRIAL FIELD FOR A FULLY AUTOMATIC SOFTENER 


While this development of the automatic zeolite softener in the 
household field was going on, demands for a similar self-regenerating 
softener in the industrial field were likewise felt. Industrial users 
were also rapidly becoming automatic-minded. Machinery for every 
conceivable purpose is automatically operated in most factories today. 
This demand for automatic machinery is the logical result of a desire 
to obtain the highest quality of product by mechanical control. 
Variations in quality caused by negligence, or differences in the per- 
sonal equation of the operators are thus avoided. In the case of the 
zeolite softener, simple as the operations may be, it is necessary to 
regenerate on time when the softening run has ended, just as it is 
necessary in the case of lime soda plants to recharge the chemical 
tanks on time. Also the cycles of backwashing, salting and rinsing 
_ should obviously be carried out most economically with a minimum 
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of salt and water. Many situations arise in various industrial fields 
that especially call for an automatic softener. 

To satisfy these demands, a fully automatic industrial zeolite sof- 
tener was developed. The long experience in the household field 
served in good stead. The proving of the automatic in households, 
where no skilled attention is available, encouraged this development 
in the industrial field because it fully demonstrated that a well 
designed industrial automatic would be equally foolproof and practical. 


DESIGN OF THE AUTOMATIC INDUSTRIAL SOFTENER 


The design now in successful use is illustated by figure 1. It em- 
ploys a multiport single valve having a rotary flat dise of which the 


CONTROL 
SWITCHES 


RATE OF FLOW CONTROLLERS 
Fig. 1. Dia@Rammatic SKETCH OF AUTOMATIC ZEOLITE WATER SOFTENER 
ur 

ports are so arranged that by turning the dise to four successive posi- | 
tions the four operations of a complete cycle are carried out, and the — 
control mechanism is so arranged that the duration of each operation | 
of the complete softening cycle can be separately adjusted and con-— 
trolled. The valve is rotated by an electric motor through a gear _ 
drive and the valve stops after reaching the correct position for each © 
operation. The means employed to control each operation are — 
briefly as follows: bs 
(1) For the end of the softening run—a water meter with special — 

adjustable contact head. 
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_ (2) For backwashing—a time switch and rate of flow controller, 
_ (8) For salting—float switch controlling the drawing down of the 
vidh desired volume of brine from a measuring tank. 

_ (4) For rinsing—time switch and rate of flow controller. 

_ The finally developed apparatus was put through a long period of 
testing through thousands of cycles equal, in the ordinary use of the 
softener, to many years of operation. Figure 2 illustrates a photo- 
graph of the automatic softener now in commercial use. 


Fic. 2. PHoroGRAPH OF AUTOMATIC ZEOLITE WATER SOFTENER INSTALLATION 


OPERATION OF AUTOMATIC SOFTENER 


In brief, the multiport single valve is rotated by the electric motor 
from one position to the next and when it reaches each successive posi- 
tion, the motor is stopped by the opening of a circuit breaker and the 
valve remains stationary in that position until the end of that opera- 
tion. Each step in the cycle of operation is as follows: 


the ons Softening position an 

The automatic valve remains in the softening position until a pre- 


determined volume of water has passed through the meter. The 
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meter then closes a control circuit which starts the valve motor. 
The motor rotates the valve to the: 


As soon as the backwash position has been reached, the mecha- 
nism in the time switch automatically starts and the backwash opera- 
tion continues for a predetermined time interval. At the end of that 
time interval, this time switch again starts up the valve motor and 
revolves the valve to the: 

eid po, wolt lo sfat to 
10 adoode Brining position bere otiloes sd? 

A small pipe connection from the multiport valve is supplied with 
water pressure when the valve is in this position. This water pressure 
actuates the brine valve on the suction side of the brine ejector (see 
figure 1). The ejector operates, lifting brine from the measuring tank 
to the softener. When a predetermined depth of brine has been 
withdrawn from this measuring tank, the float switch located in this 
tank closes the control circuit, which starts up the valve motor again 

and the motor rotates the valve away from the brining position to the: 


Backwash position 


Rinsing position al aa Low se ta09 


As in the ecleneclibite step, so in this rinsing step the time switch 
controls the period of rinsing. At the end of that period the valve 
motor is started again which rotates the valve back to the original 
softening position. 

Rate of flow controllers, as shown in figures 1 and 2, are located on 
the backwash effluent pipe and rinsing effluent pipe. These main- 
tain definite heads of water behind orifices located inthe sump. Thus 
the rate of flow during backwashing and the rate of flow during rinsing 
are controllable, irrespective of variations in pressure that may occur 
in the supply lines. With fixed rates of flow and with fixed intervals 
of time controlled by the time switch, a definite automatic control of 
the volume of water required in these operations is obtained. 


mtioe 
ADVANTAGES OF AUTOMATIC SOFTENER 


_ The advantages may be summarized as follows: y 
_ (1) All operations are automatically carried out, thus saving labor. 

(2) The regeneration takes place on time, so that the softener is 
never, due to negligence, run beyond its softening capacity. The pro- 
duction of nothing but aati softened water is assured. 
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and by the mechanical measuring of salt brine which ensures that only 
tli absolute minimum will be employed. 
- 1 (4) Mechanical control of backwashing and rinsing avoids waste 


____ of water in these operations as well as the washing out of zeolite to 
' wr ; the sewer and assures the maintenance of the zeolite in a clean, active 


2 (3) Salt is saved by avoiding regenerating before the end of a run 


condition. 

=f! (5) The slow turning of the automatic single valve assures gradual 
__ increase of rate of flow at the start of each operation and gradual 
_ decrease of rate of flow at the end of each operation. This preserves 
| ha zeolite and gravel supporting beds from any shocks or disturb- 

(6) ~-Automatic softeners may be built of smaller dimensions than 
* = manually operated softener. Manually operated softeners are 
usually made large enough to run for 12 to 24 hours between regenera- 
_ tions to save the operator’s time by reducing the frequency of regener- 
ation. With self regenerating automatics, the softener may be 
smaller and yet produce the same total daily soft water output as the 
larger manually operated softener without the excessive attention 
_ which a smaller manual softener would require. Thus a saving in first 
cost as well as in operating cost is realized. 

(7) The automatic features can be applied to any existing manval 
softener by replacing the nest of individual valves by the motor 
operated rotary valve and adding the control devices. 

The development of this fully automatic industrial water softener 
marks an important milestone in water purification. It especially 
increases the field of applicability of zeolite softeners to plants where 
personnel for the operation of non-automatic softeners is not readily 
available. For example: 

(1) Isolated railroad water stations may not have an operator in 
regular attendance. He may make occasional visits up down the 
line. He would not be at hand when the softening run was com- 
pleted and would therefore not regenerate on time. Self-regenerating 
softeners fit this situation perfectly. 

(2) Likewise, many factories have one operator assigned to a 
multiplicity of various duties. When he reaches the softener he 
may find the softening run not yet complete, but to avoid over- 
running the softener he would be tempted to regenerate prematurely 
and thus waste salt and water. The automatic softener relieves that 


situation. 
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' (3) Large water treatment plants containing a large number of 
—— geolite units together with other water treatment equipment may be 
too much for one operator to handle efficiently. The self regenerat- 
ing feature relieves the operator. 
Many other situations of a similar nature have been encountered 
from time to time. The rapid adoption of the automatic zeolite 
softener shows that it is satisfactorily meeting these demands. 
(Presented before the New York Section meeting, December 28, 1933.) 
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te ; PROGRESS IN MUNICIPAL ZEOLITE WATER SOFTENING 
By A. S. BeHRMAN nt 


(Chemical Director, International Filter Company, Chicago, Ill.) —e 


There are now perhaps 30 municipal zeolite water softening plants 
in the country, with two or three more under construction, and quite 
a number more in contemplation. This very appreciable number of 
7 installations gives us sufficient data for a fairly accurate estimate of the 
situation as it exists now, and as it promises to be in the immediate 


future. 
io 4 Real progress has been made in zeolites themselves, in mechanical 
- equipment, and in methods of operation. To these improvements 
may be added a generally clearer understanding of zeolite softening 
as a whole, and, in consequence, a more accurate analysis of the fac- 
® _ tors involved when considering the application of the zeolite process to 
: 7 the softening of a community water supply. inte 3 


ZEOLITE VS. LIME-SODA SOFTENING 


One sure evidence of the better understanding of zeolite softening is 
a a more general appreciation of its limitations, as well as of its more 
_ obvious advantages. In consequence, the relative merits of the zeo- 
a lite and lime-soda processes are more fully realized; and a choice 
between the two methods—sometimes a quite difficult choice—is 
more intelligently. 
= It is not within the province of this paper to discuss in detail the 
merits and demerits of the two softening processes. This comparison 
has been made on several occasions already. It will be in order, 
however, to state very briefly the most pertinent generalizations 
which are now more or less commonly accepted along this line: 
(1) A hard water that is also quite turbid should be softened by the 
; lime-soda process. The conventional filtration plant requires only 
; relatively little additional equipment to permit its functioning as a 
7 Ste plant also. It is reasonable to expect, therefore, that the 
_ lime-soda process will predominate in large municipal installations, 
since most large communities employ surface water supplies which 
require clarification in any case. 
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(2) Choice between lime-soda and zeolite softening is governed to aes 
an important extent by the character of the water, and this for several — = 
quite different reasons. Many waters which are even excessively os Mp 
hard may be softened with a reasonable degree of satisfaction by the — 
modern high capacity zeolites; but when waters of this sort contain — 
excessive quantities of sodium salts also, the volume of soft water ts is 
delivered by a given volume of zeolite may be so small, and the salt __ 
consumption so large, as to make the process impractical. It iseasy — 
to conceive an extreme case of a water of this sort in which the volume | 
of softened water delivered by a zeolite softener might not be any ¥, 
greater (it might actually be even less) than the amount of water 
required to regenerate it. In cases of this sort the lime-soda process 
is generally preferable. 

From the standpoint of operating expense, the analysis of the water — 
is also highly important. In removing bicarbonate hardness, lime — 
costs only about half as much as salt; but for removing non-carbon- — 
ate hardness, soda-ash costs approximately 25 percent more than 
salt. 

(3) Even though the lime-soda process may be logically indicated ‘ 
for other reasons, engineering and other local considerations may | 
properly operate to give the decision to the zeolite process. Thisis _ 
true particularly in small communities. The principal factors here  —__ 
may be an existing pumping system, a lack of suitable facilities for _ 
disposal of the sludge, or the somewhat simpler operation of the _ 
zeolite plant. A zeolite plant is far from fool-proof; but the results = = = 
of neglecting it are frequently not so readily detected asin the case ts 
of the lime-soda plant. 

It is probably safe to predict that there will be a steady increase in _ 
the number of municipal zeolite softening plants—probably more in © 
actual number even than of lime-soda plants, if only because there are 
more small communities where the considerations just mentioned will 
have weight than there are large communities where the advantages 
and economies of the lime-soda process can be fully utilized. bito” 

DESIRABLE HARDNESS OF A COMMUNITY WATER SUPPLY 

How completely should a community soften its water supply? — 
The answer seems to be about from 4 to 6 grains per gallon, and is 
justified both by economic and chemical considerations. o- 

Considering both the relatively small proportion of the community 
water supply that is used for purposes in which soft water is desirable, _ | 
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and having in mind also the fact that a hardness of 4 to 6 grains is not, 

generally speaking, seriously objectionable even for those purposes, 

a community is scarcely warranted in making the additional expendi- 
ture of chemicals required to soften the water below this figure. 

Furthermore, an extremely important consideration lies in the 
fact that a completely softened water is an invitation to “red water” 
troubles. Largely due to the work of Baylis (1), it is now generally 
understood that the most effective way to protect the mains and other 
distribution services from oxygen corrosion is to have the water sub- 
stantially saturated—or even slightly supersaturated—with calcium 
carbonate. It follows then that a water of “zero hardness’’ cannot 
give any such protection. If, however, the ‘‘zero hardness” effluent 
from the zeolite softener is mixed with enough of the raw water to 
produce a hardness of 4 to 6 grains, this admixture will in many cases 
bring about in the water the concentration of calcium carbonate 
alkalinity and the pH necessary for the deposition of a protective film 
on pipe surfaces. If not, the deficiency may be corrected by adjust- 
ing the pH—usually with sodium carbonate, and occasionally with 
lime—to bring about the proper equilibrium conditions. 
ai 
_ There have been so many conflicting reports on the subject of iron 
removal with zeolites that it is worth while endeavoring to ascertain 
the real facts of the situation. A number of investigations, including 
our own, have shown that iron which is in true solution in the ferrous 
condition can consistently and regularly be removed by true base 
exchange both by greensand and by the better types of synthetic 
zeolites. What most investigators have failed to appreciate, however, 
is that in actual conditions of operation it is almost impossible to 
maintain the water system from the source of water to the zeolite 
softener in such absolutely closed and oxygen-free condition that 
the iron is kept in the ferrous state. When it is borne in mind that to 
oxidize one part per million of iron requires only 0.14 part per million 
of oxygen, it becomes apparent that only the tiniest sort of air leak 
is sufficient to permit the entrance of enough oxygen to oxidize a 
substantial portion of the ferrous iron. 

Several years ago we made a comprehensive study of the iron- 
bearing well waters in the suburban district west of Chicago. For 
this study we set up a portable zeolite softener with a filter ahead of 
it. _ when — outfit was connected directly to the well pump 


IRON REMOVAL WITH ZEOLITE 
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discharge, it was surprising to see how much of the total iron in the 
water was removed merely by passing through the filter. 

Much has been said of the ability of a zeolite to remove ferrous iron 
by base exchange even for a long time after the zeolite has ceased to 
function in the removal of calcium and magnesium. While base 
exchange phenomena of this sort are not unknown, we must remain 
skeptical on this point in the case of iron removal until it has been 
shown that the iron thought to be removed by base exchange with 
the “‘overrun”’ zeolite, has not really been removed by the zeolite bed 
operating simply as a mechanical filter to remove that portion of the 
jron already oxidized. We found that this was true in one case under 
our own observation, and are making further studies to see whether 
or not this is true quite generally. 

In any case, it is now not generally considered good practice to at- 
tempt to remove considerable amounts of iron with a zeolite softener, 
as experience has shown that the ferric hydroxide resulting from the 
oxidized portion of the iron will in time foul the zeolite bed and the 
underdrain system as well. It is little short of amazing, however, 
how little the water softening capacity of the better grades of green- 
sand and synthetic zeolites is injured even when the zeolites are com- 
pletely coated with ferric hydroxide. We have examined numerous 
samples of greensand and of our own synthetic zeolites so red brown 
with ferric hydroxide as to be practically unrecognizable; but the 
softening capacity in all cases was reduced not more than 10 percent 
from the original capacity. 

It is now considered the best practice in zeolite softening of waters 
containing considerable amounts of iron to first remove the iron by 
aeration and filtration. In addition to introducing oxygen, the aera- 
tion frequently accomplishes the extremely important result of raising 
the pH of the water through the escape of free carbon dioxide. We 
have already seen how important the pH is in protecting the distribu- 
tion system from oxygen corrosion. 

IMPROVEMENTS IN ZEOLITES) 

Until the last six or seven years, nearly all of the municipal zeolite 
systems employed greensand as the softening medium. An increasing 
proportion, however, of such plants is being equipped with modern 
high capacity gel zeolites, and, in our opinion, will continue to increase 
as the possibilities of these materials become more fully appreciated 
by all concerned—not excepting the manufacturers of the zeolites 
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_ One reason for this delayed appreciation is the highly controversia] 
and patent-beset condition of the zeolite art. Another reason up- 
doubtedly is the apparent fact that almost anyone who wishes to do 
so can become a dealer in, and user of, greensand, due to the ready 
availability of almost unlimited deposits of greensand in New Jersey; 
while the manufacture of the most modern and really satisfactory gel 
zeolites is a much more highly restricted enterprise, due not only to 
the very appreciable capital investment required, but also to the highly 
technical nature of the manufacturing processes, and to legitimate 
patented developments. 

It is worth pointing out very definitely that it is both unwise and 
unfair to judge or evaluate all the zeolites of one class by the per- 
formance of one or two members which may popularly be grouped in 
that class. This applies both to greensand and to manufactured 
zeolites. There are some greensand zeolites being used today which 
deteriorate and disintegrate quite rapidly; and there are others the 
performance and life of which are excellent. The difference may be 
due either to the character of the raw greensand, or to the methods of 
processing, orto both. The essential point is that the simple designa- 
tion ‘‘greensand”’ is anything but the rigid specification which many 
of the uninitiated purchasers and prospective purchasers fondly 
believe it to be. 

Even more marked is this distinction in the case of the manufac- 
tured or so-called ‘‘synthetic’’ zeolites. Some of them are relatively 
inefficient and short-lived; others compare favorably in durability 
with the best types of greensand, and in addition permit in many 
cases an economy and efficiency of operation which the inherent limi- 
tations of greensand make impossible. A brief elaboration of this 
statement will be in order. ed) 
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THE COST OF ZEOLITE WATER SOFTENING 


The principal items in the cost of zeolite softening are (1) initial 
cost of installation; (2) fixed charges, and (3) operating expense. 

The average softening capacity of greensand is now generally 
taken to be about 3000 grains (of hardness as calcium carbonate) 
per cubic foot, while that of a good gel zeolite is 9000 to 12,000 grains 
per cubic foot. It is obvious therefore that under favorable conditions 
_ the volume of a gel zeolite required to deliver a given volume of soft- 
ened water is only a third or fourth of the volume of greensand re- 
- quired for the same job. The container and other structural require- 
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ments for the gel zeolite will consequently be a great deal smaller 
than for equivalent greensand units. The amortization of this very 
material difference in installation cost thus becomes an item of in- 
creased fixed charge against the greensand plant. 

The important items in the expense of operating a zeolite rh 
plant are the salt, water, and labor used in regeneration, and the cost 
of replacing the zeolite when this eventually becomes necessary. 

The most modern high capacity gel zeolites make possible in many 
cases very striking reductions in operating costs. The most notable 
economies are in salt consumption and wash water required for regen- 
eration. 

The usual salt consumption assumed for greensand is 0.5 pound salt 
per thousand grains of hardness (as calcium carbonate) removed, 
although there has been a recent tendency in some quarters to reduce 
this figure to 0.45 pound. With a modern efficient gel zeolite this 
salt consumption may frequently be reduced to as low as 0.35 or even 
0.30 pound per thousand grains. 

It can readily be calculated from chemical equivalents that the 
theoretical salt consumption is only 0.17 pound. It used to be as- 
sumed that the employment of a large excess of salt was necessary to 
accomplish the desired regeneration because of the “mass action’’ 
considered essential for the exchange reaction. From: the results 
that we are obtaining with efficient gel zeolites, it would appear that 
the nature of the zeolite is the important factor in approaching the 
theoretical consumption, plus, possibly, whatever improvements we 
may make in the mechanics of the regenerating operation. 

As a matter of fact, we have under observation at this time in 
Chicago an industrial installation equipped with Crystalite, our gel 
seolite, in which the salt consumption in only 0.19 pound. While I 
am perfectly frank to admit that the industrial conditions under which 
this plant is operating are unusually favorable, it does indicate very 
clearly the possibilities in this direction. 

The wash water requirements with an efficient gel zeolite are usually 
only a fourth to a third of those of a greensand plant of equivalent 
softening capacity. This saving in wash water results from the fact 
that the area of the gel zeolite bed is much smaller than that employed 
with greensand ; and the volume of wash water required for regenera- 
tion varies almost directly in proportion to the area. 

In addition to savings in salt and wash water, there is also frequently 
an appreciable saving in labor with the gel zeolite softening plant, 


since a smaller number of regenerations per day is required. _ aes 
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The pressure loss through a gel zeolite bed is considerably lower 
than through a greensand bed of the same depth. This difference jg 
due to the fact that the greensand granules are small and rounded, 
tending to pack readily, whereas the particles of gel zeolite are cop. 
siderably larger and are rough and irregular in shape. With q 
typical greensand bed operating at a rate of only 3 gallons per square 
foot per minute, the pressure loss at the beginning of a softening run 
is 2 pounds, at the end of four hours, 4 pounds, and at the end of 
eight hours, 6 pounds; at a 5 gallon rate the pressure losses are roughly 
twice those just given for a 3 gallon rate. With a typical gel zeolite 
bed operated at an 8 gallon rate, the initial pressure loss is only about 
a half-pound, and at the end of an eight hour run only about a pound. 
In some cases this difference in pressure loss is a very important con- 
sideration; in other cases it has little weight. 

It is not difficult to see that savings of 25 to 35 percent of salt, and 
50 to 75 percent in wash water are considerations not lightly to be 
ignored. As a matter of fact, the savings in these two items alone 
will usually pay for the entire zeolite bed in one to two years. When 
to these striking economies are added decreased fixed charges and 
lessened labor cost, it is obvious that the modern gel zeolite is des- 
tined for greatly increased use in municipal zeolite softening plants. 

An excellent example of this type of plant is the one at Lancaster, 
Ohio, recently described by Hoover (2). In this plant, equipped 
with Crystalite, the savings of salt and wash water alone over the 
estimated cost of greensand operation, will pay for the Crystalite bed 
in a little more than a year’s time. ty 
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tile REDUCTION OF SALT CONSUMPTION 


It is worth while spending a few moments more on the method in 
which the striking salt reduction mentioned is accomplished without 
resorting to the use of any mechanical brine-recovery systems or 
similar expedients. 

It is generally possible to reduce the salt consumption of any of the 
modern rapid-rate zeolites, either greensand or manufactured, below 
the 0.5 figure, simply by reducing the rated capacity of the zeolite per 
cubic foot; and to compensate for this lessened capacity per cubic 
foot by employing more cubic feet of the zeolite in the bed to produce 
the desired volume of softened water. 

For example, let us assume that a good gel zeolite will have, under 
a given set of conditions, a softening capacity of 12,000 grains per 
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cubic foot with a salt consumption of 0.45 pound per thousand grains 
of hardness removed. By reducing the rated capacity to between 
9,000 and 10,000 grains per cubic foot, the salt consumption can be 
brought down to 0.30 pound. In other words, a net saving of 33 
percent in salt is accomplished at the expense of a 20 to 25 percent 
decrease in the rated exchange capacity per cubic foot. Obviously, 
the number of cubic feet of zeolite will have to be increased to com- 
pensate for the lessened capacity per cubic foot obtained with the 
lower salt consumption; but the cost of this additional zeolite is small 
compared with the continuing economy of salt. 

A similar possibility of salt saving exists with greensand. It is 
seldom practical, however, to attempt to take advantage of this 
possibility, due to the fact that the initial exchange capacity of green- 
sand is so low that any substantial reduction in this capacity very 
materially increases the size of the greensand plant, and makes the 
wash water requirements excessive. 

The latter point is easily illustrated, particularly if we use a reason- 
ably hard water for the illustration. Let us assume a water of 30 
grain hardness being softened by a greensand bed 3 feet in depth. 
Let us assume also that to accomplish a substantial saving in salt, the 
initial exchange capacity of 2800 to 3000 grains per cubic foot will be 
reduced to 2200 grains, equivalent to 71 gallons of our 30 grain water 
per cubic foot. 

The wash water requirement of a typical zeolite bed, either green- 
sand or gel zeolite, is about 100 gallons per square foot. Each cubic 
foot of the 3 feet greensand bed will therefore require 33 gallons of 
wash water—over 45 percent of the volume of water softened. 

It is obvious that the wash water requirements of a gel zeolite bed 
must also be increased if the area of the bed must be enlarged to com- 
pensate for the decreased exchange capacity per cubic foot. There 
are two reasons, however, why this increase is not nearly so important 
asin the case of greensand. The first is that the normal wash water 
requirement of an efficient gel zeolite is only 5 to 10 percent of the 
volume of water softened, compared with 20 to 25 percent for green- 
sand, when softening a 30 grain water. The same factor of increase, 
therefore, applied to the wash water requirements of the gel zeolite 
would mean much less in actual number of gallons than in the case 
ofgreensand. ‘The second reason is that, due to the extremely small 
pressure loss through the gel zeolite bed, it is usually possible to add 
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avoid a larger area with its corresponding requirements of extra wash 
water. 

It follows from this discussion that the advantage of an efficient 
gel zeolite over greensand as far as wash water requirements are 
concerned loses its importance with waters of relatively low hardness. 
If, for example, we consider a water of only 5 grains hardness, the 
volume of water softened by a cubic foot even of greensand is so large, 
and the percentage of wash water required is correspondingly so small, 
that even a very appreciable percentage increase would mean very 
little in the actual volume of water involved. 


LIFE OF ZEOLITE 


In spite of the enthusiastic statements of some over-enthusiastic 
zeolite salesmen to the contrary, zeolites do not last forever. In due 
course they all have to be replaced; and the pleasant fiction of eternal 
life for zeolites is on its well-earned way to oblivion. 

There are too many variables—some of them still unknown—which 
determine the active life of a zeolite, for us to formulate an equation 
that will definitely establish the life under a given set of conditions. 
Since it is only reasonable that the purchaser of a zeolite softening 
plant should wish to know how long the zeolite is going to last, the 
zeolite manufacturer has been and is still confronted with the problem 
of finding an answer that will be both fair and satisfactory to the pur- 
chaser, and yet not place the manufacturer in unwarranted jeopardy. 
For this reason, guarantees on zeolite performance given by re- 
sponsible manufacturers have as a rule been quite conservative; but, 
in all frankness, it cannot be said that the question of fair guarantees 
has yet been satisfactorily answered. 

One of the guarantees most commonly given becomes, on analysis, 
one of the most meaningless. This is the guarantee that the loss of 
zeolite, or of exchange capacity, as the case may be, shall not exceed a 
certain amount for a stipulated number of years—for example, 5 per 
cent per year for three years. It requires only a moment’s thought 
to appreciate that a zeolite softener regenerated twice a day, when 
compared with a softener regenerated once a week, is delivering four- 
teen times as much soft water per cubic foot of zeolite as the latter. 
It is doing fourteen times as much work, and deserves to wear out and 
be replaced fourteen times as rapidly; yet no consideration of this 
fact is given in the guarantee of the type just mentioned, thus resulting 
in an injustice either to the purchaser or to the manufacturer, de- 
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purchaser of a zeolite plant to consider the cost of the zeolite bed as an = 
operating charge, and to base the estimated need for replacement on — 


the volume of water softened by the zeolite—just as the life of auto- a 


mobile tires is measured by miles, not by years; and this replacement 
charge, plus other operating costs, added to fixed charges, will be used — 
as a basis for arriving at what is obviously the most logical criterion 


of zeolite plant performance—that is, the total cost per thousand or 


per million gallons of softened water. figsoeieds 


IMPROVEMENTS IN ZEOLITE EQUIPMENT 


The newest municipal zeolite softening plants of reasonably large 7 


size have been given the benefit of improvements in filter plant equip- — 
ment, together with some special equipment designed specifically for 
zolite work. Thus we find the modern zeolite plant equipped with 


rate of flow controllers, hydraulic valves, operating tables, and other ' : - 


auxiliaries typical of the filter plant; and automatic devices are avail- 
able for mixing fixed proportions of raw and softened water, and for 
facilitating in other ways a greater or less degree of automatic opera- — 
tion. 

There is at present an undoubted trend toward the automatic _ 
operation of zeolite plants, particularly in small communities where _ 
labor is such a disproportionately high fraction of the total operating — 
expense that elimination of as much as possible of this labor is war- 
ranted—even at a sacrifice of efficiency in other respects which would 
not be tolerated in a large plant where labor is already always avail- 
able. 

Several systems have been proposed to make the operation of a 
zolite plant completely automatic. It will require more operating 
data than now available to determine the general applicability of 
these proposals. It seems safe to predict, however, that no one sys- 
tem will be found best suited to the requirements of all local condi- 
tions. We may therefore expect to see developed in due course a 
variety of basic systems and a number of modifications designed to 
take care of the diversified problems presented in different sets of 
requirements. 


GREENSAND VS. GEL ZEOLITES 


From what has previously been said, the impression may have 

been gained that we consider the modern gel zeolite, with its proven 


understanding of these fundamental facts becomes more general, 
‘there is an increasing and very rational tendency on the part of the _ 
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possibilities of marked economy, to have made greensand a thing of 
the past. This is very definitely not the case. In our opinion greep- 
sand has and will continue to have great value in an extremely im- 
portant and extensive field—that is, the field of low hardness waters 
(say up to 6 or 7 grains), suchas the low hardness, low alkalinity waters 
of the Atlantic Seaboard. With the typical hard waters of the Middle- 
west and West, however, it seems inevitable to us that the use of the 
modern high capacity gel zeolites will steadily increase, simply because 
of the great reduction in operating charges which their inherent 
characteristics make possible. te 


FUTURE OF THE ZEOLITE FIELD 


The ability of zeolites to exchange bases was discovered by J. 
Thomas Way in about 1850; and in 1934, almost a century later, we 
still do not know how the zeolite does it. We have learned how to 
make better and better zeolites, and how to use those that we have 
made to better advantage; but we still have no proven theory of the 
mechanism of the exchange reaction itself. 

Zeolites and zeolite softening are still in the status more of an art 
than of ascience. This situation will necessarily continue until some- 
one has worked out a really satisfactory and thoroughly plausible 
theory—and has proven his theory—of the fundamentals of the base 
exchange reaction. In other words, there is still a lot to be learned 
about zeolites—such a tremendous lot, in fact, that I always smile 
a little when I see anyone, whether an individual or a group, attempt 
to speak with the voice of final authority in the zeolite field—I have 
to smile, because I know that such a one has had something happen 
either to his sense of proportion or to his sense of humor. 

The only statement than can be made with complete safety re- 
garding the future of the zeolite field is that the last word has not yet 
been spoken. This applies equally to zeolites, to equipment, and to 
methods of operation. He is a wise man therefore who follows the 
- course of zeolite developments with an open and analytical mind, 

_ evaluating as accurately as he may the real progress that has been 
made and will continue to be made in this most intriguing art. 

(Presented be efore the 4-States Section meeting, March 7, 1934.) 

QQ) Bayuts, J. R.: Ind. and Eng. Chem., 19, 777, 1927. 

(2) Hoover, C. P.: Public Works, 64, 9, 1933. hi ang 
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_ THE DUTIES AND RESPONSIBILITIES OF A WATER 
COMMISSIONER 


By Gorpon 8S. MaTrHEws 
(Chairman, Public Utilities Commission, Peterboro, Ont., Can.) 


Municipal waterworks systems are generally under the direction of 
water commissions, but in some of the larger cities, the board of con- 
trol, or a committee of council exercise this authority. The number 
of Commissioners varies, with a minimum of three members, and the 
terms of office also vary. 

In every municipality, however, one or more representatives of the 
people are responsible to the electorate for the efficient operation of 
the waterworks system. 

The legal authority under which Water Commissions act in Canada 
is laid down in the Public Utilities Act, especially under Section 36, 
which reads as follows: 


Upon the election of the Commissioners as hereinafter provided, all the 
powers, rights, authorities and privileges, which are by this Act conferred on 
the Corporation, shall while such by-law remains in force, be exercised by the 
Commission and not by the Council of the Corporation. 


This statute therefore, makes it clear that the commissioners are 
responsible to the people of the municipality who in turn are users of 
water, and not to the Council of the municipality. 

Just what is a Commissioner’s responsibility to the consumer? It 
is to see that the municipality is supplied continuously with an abun- 
dant supply of good potable water at the lowest possible cost. 

To accomplish this responsibility an efficient permanent organiza- 
tion is necessary. It is necessary, too, because of the fact that the 
personnel of Commissions change. If Commissioners, while they are 
in office, succeed in building up an efficient permanent organization, 
they are discharging a large portion of their responsibility to the water 
consumers, the people who elect them to office. 


ADMINISTRATIVE STRUCTURE 


A municipal waterworks system can be compared to a corporation 
or business in which the investment is large. The duties of a com- 
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mission are therefore comparable to the duties of the directors op 
executives of any large business. ‘To make any business a success an 
efficient manager is essential. The wishes of the Executive Committee 
are carried out by the manager, and he is the connecting link between 
the Executive and the employees generally. The manager, in turn, 
must have capable assistants. Appointments to the more responsible 
positions should first be approved by the Commission. My reagop 
for suggesting that such a procedure be followed is that because of the 
importance of a proper personnel, appointments should be given every 
possible consideration. 

A manager should have power to dismiss any employee without 
first obtaining the approval of the Commission, as, if he has not this 
authority, he cannot build up an efficient organization. 

Any large business has two main divisions; the Office or Accounting 
Division, and the Operating Division. 

The importance of accurate accounting, with a system that will 
produce key operating figures in the simplest way, cannot be stressed 
too highly. The simpler the system, and the fewer employees neces- 
sary to carry it out, the more benefit will accrue to your operations, 
The modern executive demands these significant figures, and it is 
therefore the duty of a Commissioner to see that they are supplied. 

Since 1929 many corporations have found that much useless operat- 
ing data was being accumulated, and the elimination of all dead wood 
has reduced office personnel and costs. Through necessity short cuts 
were found which obtained these necessary figures, thus allowing the 
corporation to make further economies. The operating division must 
also be efficient and economical, as most of our revenues are spent 
by this portion of our business. Any large expenditures should be 
submitted to the Commission, and it is the duty of the Commissioners 
to satisfy themselves that such expenditures are necessary before 
granting approval. 


PERSONNEL 
‘ 
Commissioners should insist that courteous treatment be given the 


consumers at all times. Very often the only point of contact between 
the consumer and the system occurs when the consumer comes in to 
pay his bill. It is very important that such contact should create a 
pleasant feeling of confidence. 

The morale of any organization emanates from the top, and it is the 
duty of the Commissioners to cultivate this quality to the utmost. 
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The staff should be supported in their endeavours to build up efficient ra 
service, and protected from unjustified criticism. ; 
Pension and insurance schemes all help to build up morale within 
the organization. Many corporations, both private and municipal, - 
give their hourly employees at least one week’s holiday with full pay — 
each year. These corporations believe that if salaried employees are 
granted this privilege then the hourly rate employees should receivelike _ 
treatment. 
However, if the head of a concern is earnestly imbued with an ob- ea 
jective that carries the judgment of his staff, that alone will do more a _ 
than anything else to raise the morale of those under him. is 2 
In defining the responsibility of a water commissioner I have said 
that good potable water must be supplied at the lowest possible cost. _ 
It is not his duty to make money for the municipality. Rates must 
beset at such a level, that after taking care of operating costs; interest — 
and sinking fund on debentures, and after setting up proper reserves, = 
the result of the year’s operations is a small profit. - i 


RATES 


Rates should be set that are equitable among the different classesof 
consumers, and also between consumers in the same class. Thesys- —| 
tem of rates should not be so complicated or involved as not to be ur a 
easily understood by the average consumer. Inattention to these _ : 
principles will bring unfavourable comment on the commissioners. a 

It is the duty of a commissioner to see that a supply of water for 
fire protection is adequate, and available at all times at sufficient 
pressure. This service is costly and should be paid by the City Coun- 
cil to the Commission, and collected from the ratepayer in the tax 
rate. 

It is difficult for any commission to determine definitely the propor- _ 
tion of the operating costs applicable to fire protection alone. In | 
different municipalities the amount so charged varies from 20 to 50 
percent of the total operating costs. The basis of setting up this 
charge should be logical so that it will carry the support of the City 
Council. 

EXPENDITURES 

Close coéperation between the City Council and the Commission 
cannot be too highly stressed. When considering large capital ex- 
pendutures the support of the City Council is absolutely necessary. 
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Would any money by-law for waterworks extension carry the ap. 
proval of the ratepayers if the Council disapproved? I do not think 
it would. 

The Municipal Council is responsible for the credit standing of the 
municipality, and nothing should be done by the Commission to impair 
this standing. 

It is the responsibility of a water commissioner to see that the f- 
nancing of capital expenditures is done at an opportune time, and as 
cheaply as possible. Numerous municipalities would now be in much 
better financial condition if their Commissioners had foreseen that 
Canadian money would be at the present large discount in New 
York. There is no doubt that at the time certain debentures were 
issued payable in U. S. funds, this procedure was considered ad- 
visable, and that money was secured at a cheaper rate in this way. 
However, I do think in many other instances sufficient thought was 
not given this point and that the money could have been obtained 
as easily and cheaply in Canada. 

It is the duty of a commissioner to see that the various properties 
are adequately insured, and that buildings and equipment are prop- 
erly kept up, and in position to give constant service. 

The Public Utilities Act states that all surplus, after paying all 
expenses, should be turned over to the City Council once a year for 
reduction of taxes. Some municipalities have had special legislation 
passed to enable water commissions to keep all, or a substantial part 
of their surplus. Such special legislation should be extended to in- 
clude all water commissions, and that all surplus should be retained 
for the use of the water consumers. I would therefore suggest that 
it is the duty of a commissioner to aid in furthering passage of such 
legislation. 

While I have not mentioned the steps a Commissioner should take 
to insure the supply of pure water to the community, I have men- 
tioned the importance of an efficient plant and staff. If both the 


plant and staff are efficient, pure water will be distributed. = 


SALARIES 


- Most of us are loath to discuss the salaries paid to our staffs, but we 
must with all other governing bodies, if they have not already done 
so, give this subject consideration. While I realize that in most com- 
munities reductions in salaries paid to permanent employees will not 

total an amount that will allow of an appreciable reduction in rates, 
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and the cost of living also, must be taken into account. 
If fair adjustments in salaries will enable us to reduce rates, these 
‘ adjustments should be made. But if the reductions are not sufficient _ 
to reduce rates I would suggest that they be made in such a manner 
that the amount of money thus saved might be used in extending © Si 
relief to the needy in the municipality. 2 ee 
Finally, I would say that if a water commissioner so administers 
the utility under his direction that the general good of the ee ; 
will be efficiently served, then he has discharged his responsibilities _ 
inthe proper manner. That such as been the caseina large number 
of instances is evidenced by the great number of commissioners who 
have so gained the respect of their constituents that they are returned 
year after year without opposition. 
(Presented before the Canadian Section meeting, March 24, 1933.) 
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ELIMINATING FALSE CHLORINE TESTS 
(Chief Chemist, State Department of Health, Columbus, Ohio) 


In the determination of residual chlorine by the standard ortho- 
tolidine (O. T.) procedure the presence of manganese and nitrites may 
cause large errors or even render it impossible to decide whether any 
residual is actually present. In recent years much attention has been 
given to the subject and several methods have been offered for elimi- 
nating the interference. 

Forsberg (1) concluded that with some waters filtration through 
paper was sufficient to remove the interfering manganese. Scott (2) 
experimented with a filter containing manganese zeolites. While 
manganic manganese could thus be removed, the preparation of the 
filter was difficult and the procedure was somewhat unsuitable for 
routine use. 

Forman (3) after making the unchlorinated water sample alkaline, 
oxidized manganous manganese with oxygen, determined the apparent 
chlorine and deducted this from the apparent chlorine of the chlori- 
nated water. Enslow (4) measured the apparent chlorine before and 
after boiling, taking the difference as residual chlorine. Hopkins (5) 
noted that manganic oxides in water may be reduced by hydrogen 
peroxide. Campion (6) added hydrogen peroxide to water at an 
alkaline pH to oxidize manganous manganese, then noted the 0O.T. 
reading to measure the total effect of manganese on the determina- 

tion. He states in regard to nitrites: ‘‘Probably the greater portion 
of the reaction with ortho-tolidine in the (Barberton) filtered water is 
due to nitrites, which are responsible for the delay in the time of reac- 
tion.” 

Braidech (7) used hydrogen peroxide to eliminate nitrite interference. 
Adams and Buswell (8) offer a hydrogen peroxide procedure, using 
less peroxide than recommended by Braidech, for removing manganic 
manganese. Hulbert (9) considers hydrogen peroxide procedures 
“entirely unsuitable for free chlorine assay,’’ preferring the usual 0.T. 
determination, but allowing ten minutes reaction in the dark. ae 
634 
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The writer’s experience with hydrogen peroxide treatment has been: _ 
1. Manganic compounds may be completely reduced. 
9. Nitrites may react completely if a rather large excess of peroxide 


js present. 


4, In natural waters, chlorine residuals are materially lessened and 
if small, on the order of 0.1 p.p.m. or less are almost or entirely elimi- | 
nated by hydrogen peroxide treatment. a 


In this paper a method is presented for eliminating manganese 
interference by its complete removal from the water. It is recognized 
in actual water treatment that manganese may be removed by ad- 
justing the water to a sufficiently low hydrogen ion concentration 
(pH 9.0 to 10.0). While small samples thus treated were freed from 
manganous manganese it was found necessary to use a coagulant to 
remove manganic manganese, which may be present in suspension, 
colloidal suspension or possibly in part in true solution. The use 
of magnesium sulphate together with sodium hydroxide in excess 
proved satisfactory. The procedure as finally adopted is: 

Two 100 ce. portions of the water are placed in six-inch Nessler 
jars or other suitable containers. Add to each 1 cc. of magnesium 
sulphate solution (20 grams MgSO.7H,0 in water to 100 cc. volume) 
mix and add 1 cc. of sodium hydroxide solution (4.5 N NaOH or ap- 
proximately 19 grams of the sticks in water to 100 ec. volume; check 
strength by titration). Mix well, then centrifuge at 1000 R.P.M. or 
higher for 3 minutes to throw down the precipitate composed of 
hydroxides of magnesium, manganese, iron if present and some cal- 
cium carbonate, also turbidity if present and a large proportion of the 
natural color. Carefully decant off the clear supernatants into a 
100 cc. Nessler jar and add 3 cc. of ortho-tolidine reagent (100 cc. of 
standard O.T. reagent, 140 cc. of water and 60 cc. of concentrated 
hydrochloric acid solution). Read after 5 minutes. Longer standing 
results in practically no increase in color, at ordinary temperatures, 
even in the presence of chloramines. 

The procedure was studied with raw (Scioto River) and treated 
(Columbus tap) waters to which manganic manganese and chlorine 
were added, with the finding that all manganese was removed without 
appreciable lowering of chlorine residuals. 

It is necessary to employ a centrifuge to remove the precipitate, 


ELIMINATING MANGANESE 


3. In distilled water, chlorine residuals are but slightly lessened. — a7 
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fur while fine filter paper also removes it completely, small chlorine 
residuals are much lessened. 


Manganic manganese solution was prepared by adding 2.0 p.p.m. manganese 
in the form of manganous sulphate to tap water (pH 9.4 to 9.6); on standing 
over night oxidation to colloidal manganic hydrate or hydrates takes place, 
The apparent chlorine value is usually 2.0 p.p.m., indicating a manganese 
valence of between 3 and 4. 


Nitrite interference 


By the preceding treatment nitrite interference, while not elimi- 
nated is much lessened and its effect may be measured with consider- 
able accuracy; a correction may then be applied to the apparent 
chlorine found. 

The O. T. reagent used must of necessity contain sufficient acid to 
provide an excess after neutralizing the remaining sodium hydroxide, 
However, the acid concentration is purposely made greater than that 
of the standard O.T. reagent, as it was observed that increasing the 
acid not only lessens the color developing with nitrites but also causes 
it to reach a maximum in about five minutes, while with the standard 
. reagent there is a progressive color increase up to about an hour, 

_ However, too much acid must not be used as it was found that with 

high acid concentration low results were obtained for small chlorine 
residuals. The acid present after neutralization of the sodium hy- 
droxide is about five times that in 1 ce. of the standard O. T. reagent, 
The concentration is such that ortho-tolidine does not precipitate, 
following the solubility data of MeCrumb (10). 


eB e The color produced with ortho-tolidine and nitrites differs from that pro- 

J duced with chlorine in several respects: 
aa “ye 1. The tint is brown rather than greenish yellow. 

reed 2. Development is in general slower. 

em... The color does not change with pH, while with chlorine a blue color 

develops at about pH 3.5. 
Tt is less readily discharged by sodium thiosulphate. 
‘gee 5. The intensity is repressed to a greater extent by increased acid con- 


centration. 
«6, Development is somewhat slower in the dark. 
5 Cm The color-compounds are evidently of different composition. Thus the 


possibility is offered for distinction by some extremely sensitive indicator, 
perhaps not yet known, at least not yet studied for this purpose. 

: Other points of difference are: 

7 ae 1. Nitrites may be completely eliminated by certain reducing agents, for 
example by hydrogen peroxide and by sodium azide, but chlorine is 
_ also reduced, even if to a lesser extent. 
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2. Free chlorine in minute amounts, in distinction from chloramines de- a 
-_ eolorizes certain indicators in acid solution, for example, methyl 

oy orange and methyl red; nitrites do not. (Manganic manganese : 

simulates free chlorine.) 

3. Nitrites may be separately determined colorimetrically, for example, __ 
by the Griess-Illosvay method (11). 


4, With starch-iodide solution, nitrites (likewise manganic manganese) __ 
produce color only in acid solution; chlorine both in acid and ie 


solution. 


; uy In the absence of manganic manganese, or if the amount a 


is not more than that sufficient to show an apparent chlorine value 
with O.T. of about 0.5 p.p.m., nitrites may be determined by a +? 


usual Standard Methods procedure (11). If more is present, a purple 
color develops on the addition of alpha naphthylamine, thus inter- — 
fering with the nitrite determination. In this event the nitrite con- be 
tent of the water may be determined using a portion of the super- | 
natant after the described precipitation: To 50 cc. add 2 drops of 
concentrated hydrochloric acid solution, then add the usual sulphanilic 
acid and alpha naphthalmine reagents and compare with standards, 
freshly prepared. 
Apparent chlorine values for nitrite nitrogen, at ordinary tem- 
perature in diffuse daylight, if read in from 5 to 30 minutes were ts 


found; 
i Parts per million 

Nitrite nitrogen............. 0.05 0.1. 0.2 03;,0.5, a0 
AD Apparent chlorine........... 0.005 0.01 0.015 0.02 0.04 0.07 


Practically, the nitrite nitrogen found multiplied by 0.08 may be 
deducted from the O. T. reading. 


of water 0.5 p.p.m. nitrite nitrogen produces an n apparent chlorine 
value of 0.08 p.p.m. in 5 minutes and about 0.3 p.p.m. in 30 minutes. 


It is considered that this procedure may be relied upon to deter- 
mine that residual chlorine is actually present, if the difference between 
the apparent chlorine value and the nitrite correction is as much as At "6 _ 


A representative determination using Columbus tap water was: griw of 

Alkalinity—total 31 p.p.m., phen. 15 p.p.m. ait 
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Added 2.0 p.p.m. manganese in the form of manganous sulphate. Qn the 
following day, after decanting from a small amount of precipitated manganic 
hydroxide the apparent chlorine was recorded 1.8p.p.m., using an aliquot of 10 
ec. Chlorine, 0.7 p.p.m. in the form of calcium hypochlorite was then added: 
after three hours the apparent chlorine was found 2.0 p.p.m. On carrying 
through the magnesium sulphate-sodium hydroxide treatment, the residual] 
chlorine was found 0.10 p.p.m.; on a control sample of tap water, not dosed 
with manganese but chlorinated in the same manner, the residual chlorine was 
found 0.12 p.p.m. Nitrite nitrogen, 0.4 p.p.m. in the form of sodium nitrite 
was then added to the manganese-dosed, chlorinated sample. After one hour 
the nitrite nitrogen residual was found 0.36 p.p.m. and the apparent chlorine 
2.0p.p.m. After carrying through the magnesium sulphate-sodium hydroxide 
treatment, the apparent chlorine value was found 0.14 p.p.m. Applying the 
calculated correction, 0.03 p.p.m. apparent chlorine due to the nitrite present, 


the residual chlorine is indicated to be 0.11 p.p.m. 


STARCH-IODIDE TEST adi 


For the determination of residual chlorine, this reagent has been 
practically supplanted by ortho-tolidine because of a tendency to 
deteriorate, a belief that it is not sensitive and the difficulty of pre- 
paring color standards. However, the starch test has a very material 
advantage, not previously noted so far as is known to the writer, in 
that in natural, non-acid waters neither nitrites nor manganic man- 
ganese produce false tests. In acid solution both compounds simulate 
free chlorine as to color production. It was noted that false starch 
tests developed with manganic manganese only at a pH more acid 
than 4.2 and with nitrites at a pH more acid than 4.0. 

A starch solution which not only does not deteriorate, but which 
increases in sensitivity with age is prepared: To 5 grams of potato 
starch add a little water to make a paste, then one liter of water con- 
taining 10 grams of potassium iodide and 4 grams of zine chloride. 
Heat to boiling and keep at boiling temperature for 10 minutes, Let 
stand for at least two days and use the clear supernatant (11, 12, 13). 
The solution becomes still more sensitive, when on long standing it 
has taken on a slight violet tint. If eventually a deep violet tint 
develops it may be lightened or discharged by adding a drop of N-40 
sodium thiosulphate. Kolthoff (14) notes that the sensitivity of the 
starch test is increased with lowered temperature. 

The writer noted that increase in volume of indicator added also 
increased the sensitivity. On adding 5 cc. of indicator to 100 ce. of 
sample, 0.10 p.p.m. residual chlorine produced a slight blue tint after 
5 minutes at a temperature of 20°C. On cooling the sample to 5°C. 
by placing the tube containing it in ice water for about 5 minutes, 
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then adding 5 cc. of indicator, 0.03 p.p.m. could be detected and by 
cooling to 1°C. by using ice, water and salt, a definite blue tint 
was produced by 0.02 p.p.m. residual chlorine. Equal sensitivity was 
noted with distilled water at pH 5.4, river water at pH 8.0 and tap 
water at pH 9.6. 

There remains the difficulty of measuring the chlorine residual. It 
may be accepted that, if a definite blue tint develops, the residual is 
at least as much as noted for the several temperatures. An approxi- 
mation may be made by noting the minimum volume of starch solu- 
tion, as described required to produce the first definite blue tint. 
Thus, for 100 cc. of sample at 20°C.: I 


BERPON SOMUCION, 0.205 0.9 %I1.5.3.0. 5.0 
Approximate residual Cl, p.p.m.... 0.5 0.3 0.25 0.2 0.15 0.1 a 


The actual residuals may be determined with control tubes of dis- 
tilled water, free from appreciable chlorine demand to which known 
amounts of chlorine have been added, such as 0.02, 0.05, 0.1 p.p.m. 
with the same volume of starch solution and at the same temperature. 


These standards may be conveniently prepared from a calcium hypochlo- 
rite solution containing about 20 p.p.m. available chlorine standardized as fol- 
lows: To 100 cc. of distilled water add 5 cc. of glacial acetic acid, 5 cc. of 10 
percent solution of potassium iodide, then 200 cc. of the hypochlorite solution. 7 
Titrate with N-40 Na,S,0; (1 ce. = 0. 886 mg. Cl) and starch solution. ' 


SELECTION OF METHODS - 


In chlorinated waters containing traces only of manganese or ni- 
trites (0.01 p.p.m. may be considered a limiting amount), the develop- 
ment of any appreciable color with standard O.T. reagent may be 
accepted as due to residual chlorine and as little as 0.02 or possibly 
0.01 p.p.m. may be recorded. : 

In the presence of manganic manganese but with nitrite nitrogen — 
not exceeding 0.2 or at most 0.3 p.p.m. the magnesium sulphate-so-— 
dium hydroxide procedure using the modified O. T. reagent may be 
relied upon to detect about 0.03 to 0.02 p.p.m. chlorine residual. _ 

In the presence of higher nitrite content, with manganese present 
or not, residual chlorine is most safely determined by the ‘arch cy 


iodide procedure described. oe 
4 FREE CHLORINE BY METHYL ORANGE DECOLORIZATION , 
Free chlorine may be distinguished from chloramines by its decolori- e. a, a 


zation of — orange in acid solution—Beseman (5). 
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As little as 0.02 p.p.m. free chlorine in 100 cc. of water could be 
thus detected. However, manganic manganese was found to reaet 
similarly and also nitrites, if present to the extent of 0.5 p.pm, 
nitrite nitrogen. The following procedure may be used: Dissolve 
0.5 gram methyl] orange in one liter of water. Dilute 5.9 cc. of this 
solution to 100 ec. with water. One hundred cubic centimeters of 
water containing 0.1 p.p.m. free chlorine decolorizes 1 cc. of this 
dilute methy] orange solution, on acidifying. 

Accordingly, after determining the alkalinity of the water to 
methyl orange, using the standard indicator, add to another 100 ee, 
portion 2 cc. of N-10 acid in excess of that required for the alkalinity, 
Add 0.2 ce. of the dilute indicator and if the pink color disappears, 
repeat the addition until it persists for at least 5 minutes. Each | 
ec. of indicator decolorized indicates 0.1 p.p.m. free chlorine. 
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THE CORRELATION OF THE ALPHA-METHYL GLUCOSIDE 
TEST FOR THE COLON-AEROGENES GROUPS 
By F. Por 
(Division of Sanitary Chemistry, Department of Chemistry, U niversity 
of Colorado, Boulder, Col.) 


During the course of a quantitative study of the fermentation prod- 
ucts in alpha-methyl glucoside medium, similar to studies already 
reported (Poe and Field 1931, 1932) for some of the sugars and alco- 
hols, it was noted that cultures belonging to the Aerobacter group of 
bacteria gave fermentation with gas, whereas most of those belonging 
to the Escherichia group did not. This observation has been recently 
reported by Koser and Saunders (1932). They found that the mem- 
bers of the Escherichia group of fecal origin gave no gas, while the 
members of this group giving a citrate positive reaction, as well as the 
members of the Aerobacter group, fermented the glucoside with gas. 
Weintraub (1924) also found the majority of the colon group to give 
negative results in a medium containing alpha-methyl glucoside. 
The beta glucoside, on the other hand, was usually fermented with 
gas production. The results given in this communication confirm the 
research of the above investigators. 

About 75 percent of the cultures used were the same as those in- 
cluded in a previous investigation (1932) and were obtained from 
widely different sources—from 15 states and Canada. The medium 
was prepared by adding 5 grams of alpha-methyl glucoside and 8 
grams of Bacto-Nutrient broth to one liter of water. Inoculations 
were made into this broth contained in Durham tubes, and the cul- 
tures were incubated at 37°C. Readings were made at the end of 2, 
3, 5, 7, and 14 days. For each organism comparative tests were 
made, using cellobiose, uric acid, and sodium citrate media. The 
methyl red and Voges-Proskauer tests were also made. 

Of the organisms studied, 224 were members of the Escherichia or 
Colon group, and 146 were members of the Aerobacter or Aerogenes 
group. There were 16 which gave irregular reactions with the methyl 
red and Voges-Proskauer tests. Of these 14 were positive for both | 
reactions, and the remainder were negative for both reactions. 
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In table 1 the organisms are arranged in accordance with their re- 
actions in each of the four differential media. In all of the tables the 
production of gas is considered a positive reaction in the cellobiose 
and alpha-methyl glucoside media. With each organism producing 
gas in the alpha-methyl] glucoside medium, all except three produced 
at least 10 per cent gas in 5 days. One of these gave 10 per cent gas 
at the end of 7and 14 days. The other gave 5 per cent gas at the end 
of 5,7, and 14 days. Many of the cultures produced as much as 50 
per cent gas at the end of 3 days. 

As may be seen from table 1, the correlation of the alpha-methy] 
glucoside test with the Voges-Proskauer and methyl red reactions is 
not entirely perfect for the colon group, being 85.3 per cent. The cor- 
relation for the aerogenes group, on the other hand, was almost perfect. 


TABLE 1 
. See Organisms arranged to show reactions in different media 
| 
: TEST 
ee tive tive tive tive tive tive 
Alpha-methyl glucoside............. 33 | 191| 145] 1 | 16 0 
44 | 180] 0 | 16 0 
50 | 174| 137} 9 | 15 


Pa The correlation of the cellobiose test for the colon group was 80.4 per 


The organisms of the Escherichia group were next nF in table 
_ 2, so as to show the relationship of the different tests. A study of 
_ this table shows that there was a correlation of 65.6 per cent for all the 
‘ tests. Many investigators have found the uric acid test to be unsatis- 
factory. Disregarding this test, the organisms are listed in the second 
part of table 2 showing the relationship of the three remaining tests. 
_ Here we have a 81.3 per cent correlation for the three tests. Consider- 
ing the cellobiose and alpha-methy] glucoside tests, the correlation is 

85.3 per cent; for the sodium citrate and the alpha-methyl glucoside 
tests, itis 90.2 percent. If we consider the citrate negative organisms 
os of the Colon group, we find a 98.8 per cent correlation; for the citrate 
4 positive section the correlation is reduced to 60.8 per cent. 
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_ Koser and Saunders (1932) claim that this new test correlates very 
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In studying the evidence presented, it would seem that the cor- 

relation of the alpha-methyl] glucoside test with the methyl red and 

Voges-Proskauer test was not entirely satisfactory. The correlation 


of this new test with the cellobiose test was likewise not entirely sat- 
isfactory. ‘The correlation Ww. ith the sodium citrate test was, however, 


much more satisfactory. t to nol lalorion of T 
TABLE 2 


oft T 2 
Relationship of tests for the members of the colon group oie 


NUMBER OF ALPHA-METHYL CELLOBIOSE SODIUM CITRATE wue se 
ORGANISMS GLUCOSIDE 
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well for the fecal strains with the sanitary survey of the sources of the 
different waters used. This is also true for the study presented in this 
communication. About 90 per cent of the Escherichia cultures were 
obtained from samples, the casual survey of whose sources would indi- 


cate the probability of fecal contamination. 
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1. The alpha-methyl glucoside test does not give satisfactory cor- 
_ relation with the methyl red and Voges-Proskauer reactions for mem- 
bers of the Escherichia group. 

2. The correlation for the Aerobacter group is almost perfect. 

3. The correlation of this new test with the cellobiose test is less 
satisfactory than with the sodium citrate test. 

4. The alpha-methyl glucoside test seems to correlate with the 
sanitary survey as far as fecal contamination is concerned. 
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43: REMOVAL OF BACTERIAL FLORA FROM WATER 
SETTLING BASINS BY ADDED CLAY 
adened: DISPERSIONS nay 
(Consulting General Reduction Company, Macon, Ga.) 


. The cheapest force available to the water works superintendent is 
the force of gravity. Automotive engineers have realized the advan- 
tages of this force, and a great number of motor cars are in use in 
which the wheels of the car are freely available to the force of gravity — 
when desired,—the principle of ‘free wheeling.”’ 

The principle of “free wheeling’ has been greatly overlooked in — 
water purification. The history of American water plants has thrown © 
the emphasis on other means of bacterial removal,—the sand filters 
and the use of disinfecting chemicals, rather than on the mixing 
chamber and the settling tank. 

Yet it is in this step of the process that water purification should _ 
substantially be accomplished. The subsequent filtration, the later 
addition of such chemicals as chlorine and ammonia, should be _ 
finishing touches, not main dependencies for the safety of the finished 
effluent, in a water purification plant. a 

Let us examine the objects of water purification. The water plant 
staff is charged with the responsibility of delivering tothe usersof their 
water a fluid from which dangerous human parasitic germs are absent; 
a water which is safe for human beings and palatable to their taste; 
a water of controlled chemical and physical characteristics upon which 
industry can depend. 

To accomplish the above results, the water works processes must 
remove almost all the bacterial flora present in the raw water. It 
must leave in the water the salts that are in actual solution. But 
only a trace of the suspended colloidal material must be allowed to 
remain in the finished effluent. This covers not only the visible clay 
material but, much more important, the invisible organic detritus. 
It is this invisible organic colloidal material which costs money by 
using up chlorine and which is jane source of the unpleasant tastes and 


odors that plague the sanitary engineer. And these will plague him 
more and more as the complexity of American life increases, 

The industrial wastes which cause annoyance to the water staff are 
for the most part colloidal in character; even pestiferous phenol is jp 
a colloidal solution in water. Such simple soluble compounds as 
sodium sulphate, sulphuric acid, and the like, give little trouble. [ 
is the complex sulphur compounds or the complexes formed by the 
action of sulphides and the like on organic material, complex phenols, 
etc., that give so much dissatisfaction. 

The removal of this material from water mainly depends on the ad- 
sorptive complexes between aluminum compounds and clays. The 
solutions of aluminum salts in water are all of them colloidal 
through hydrolysis. Aluminum hydroxide is at one and the same 
time an acic and a base. As an acid it forms, with sodium, sodium 
aluminate; with sulphuric acid, aluminum sulphate. But both types 
of compounds, when dissolved in water, form insoluble aluminum hy- 
droxide. The only reason why this aluminum hydrate does not settle- 
at once in a floc is because of the electric charges on the very small 
particles of alumina. For this reason they will never unite into a 
visible ‘‘oc. 

The settling of any material in a water depends on the specific 
gravity of the material and the surface forces on the particles. Wher 
a particle of clay touches a tiny floc of aluminum hydroxide, the sur- 
face forces neutralize each other. Such a particle can rapidly in- 
crease in size. For the clay particle can catch on other alumina 
flocs; the alumina floc can seize on other clay particles attached like- 
wise to still other alumina flocs; so a large and heavy floc can be built 
up. This is the operation which goes on in the mixing basin. 

In this way the clay particles and tiny alumina flocs build up quite 
large flocs, which can easily settle out by force of gravity. But the 
settling speed of such flocs is directly proportional to the specific 
gravity of the material composing them. It is markedly influenced 
by the shape of the particles of the floc. Condensing this statement: 
the alumina and clay must work together in a mutual coagulation; 
neither of these materials will work separately. Combining a heavy 
clay with the correct amount of aluminum sulphate will give the de- 
sirable type of floc. 

The specific weight of hydrated aluminum hydroxide must be very 
close to that of water. These gelatinous compounds are so hugely 
hydrated that the water in the material is many, many times the 
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aluminum oxide in them. Moreover, the form of such floes is very 
ragged and irregular. They have a very large surface in proportion 
to their weight. Since their specific weight is so near that of the sur- 
rounding water, and their contour is so ragged and irregular, small 
alumina flocs settle very, very slowly. Such flocs sometimes adsorb 
earbon dioxide or air from the water, so that tiny gas bubbles are en- 
closed in them. Such gas-buoyant floes will actually float upward 
instead of settling. This is not uncommon with flocs composed al- 
most wholly of pure alumina. 

orcanic 

Bleaching clay, on the other hand, is only slightly hydrated. As it 
reaches the water purification plant it has about 8 percent of water, 
which, on very long standing, may slowly rise to 12 percent. But 
in water it does not hydrate at all, in comparison with the huge volume 
of water attached to aluminum hydroxide when freshly precipitated. 
Fifteen grains of alumina, when freshly precipitated, will occupy the 
volume of about a half pint,—two or three thousand grains. 

The real specific gravity of Pikes Peak Bleaching Clay in water is 
2.25. Its particles are compact and of approximately regular form. 
Hence a tiny floc of alumina which is attached to a number of such _ 
clay particles is much heavier than a corresponding floc of pure hy- Sd 
drated alumina with no clay attached to it. of 

This has two advantages. Not only does such a floc settle a 
because it is heavier, but it approaches another floc of alumina with — 
much greater momentum. A tiny floc of colloidal material is not 
able to move out of its way, so it is captured and carried down. : 

This helps decrease not only the visible, but also the invisible tur- 
bidity of organic colloidal matter which may have escaped adsorp- _ 
tion by the alumina flocs. i 

In recent tests in our laboratory we found that the final turbidity of = 
the effluent after settling was directly the reverse of the amount of 
bleaching clay added. The more bleaching clay added, the lessturbid 
was the effluent. As an example, the raw water, after treating with | aa 
aluminum sulphate alone, had a turbidity of 5 to 7 parts per million, = 
When 1/3 of a grain of bleaching clay was added, the turbidity of the 
settled effluent was about one part per million. Three times the 
bleaching clay gave one-third the turbidity. That is, the greater is 
the ratio of the clay to the alumina, the more effective is the alumina ; 
in sweeping down the suspended matter. ew wer.edt otthebhs — 
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_ But you may ask, does not this extra turbidity, caused by adding 
extra clay to the water, need an increased amount of aluminum gyl- 
phate? We have determined the partition coefficient of aluminum 
sulphate between our bleaching clay and water. We have found that 
100 parts of Pikes Peak Bleaching Clay will take from the water solu- 
tion of aluminum sulphate 2.4 parts of the salt. That is, one-third of 
a grain per gallon of bleaching clay will adsorb 1/150 of a grain of alu- 
minum sulphate. That is an increased demand for aluminum swl- 
phate so small that you could never notice it in any ordinary dry- 
feeding apparatus. 

The bacterial flora, the protozoa, the organic detritus present in the 
water, need to be removed as thoroughly as possible, for several rea- 
sons. First, it is impossible to remove dangerous human parasitic 
bacteria without sweeping out, or killing, all the bacterial flora as 
thoroughly as possible. Secondly, these small plants die and then 
give tastes and odors. Thirdly, this organic material reacts with the 
protective chemicals used, requiring larger doses of chlorine, ete., and 
giving increased danger of unpleasant tastes. 

Little is definitely known of the characteristics of bacterial flora in 
water containing clay. It is highly probable that certain clays 
readily catch and carry down the bacteria. The dangerous bacteria, 
that are parasitic to human intestines, are habitually attached to the 
mucus membrane, or colloidal content, of the intestine. Such bac- 
teria would thus be naturally easily captured by adsorptive bleach- 
ing clay particles. It is well known that natural waters turbid with 
clays purify themselves from colon bacilli much more rapidly than 
clear raw water. 

Ordinary clay has very low adsorbing powers, whereas bleaching 
clay has high adsorbing power. This can be shown by shaking a dye 
solution with equal quantities of bleaching clay and ordinary clay. 
The bleaching clay will adsorb the dye and remove it almost com- 
pletely from the water; whereas the ordinary clay will affect the dye 
but very slightly. 

Then, too, the adsorptive capacity of the clay in a natural stream 
is very soon saturated with the alkaline bases in the water. That is 
the reason that clay-bearing streams are usually low in calcium and 
magnesium salts. These compounds have been for the most part 
adsorbed on the clay turbidity. 

But when bleaching clay of high adsorbing capacity is freshly 


added to the raw water, it can take up with eagerness the floating 
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bacteria and organic colloidal detritus. These adsorptive clay parti- 
cles, with their cargo of bacteria and organic detritus, then help the 
hydrated alumina to build up a large, heavy, and stable floc. The 
high specific gravity of bleaching clay in water, two and a quarter 
times the weight of the corresponding volume of water, gives such floc, 
weighted with the clay, a good settling speed and much greater mo- 
mentum. Hence they settle more rapidly and prevent the formation 
of small-grained, slowly-settling floc. 

It is well known that bacteria and protozoa can proliferate in pre- 
cipitated organic material in equilibrium with considerable concen- 
trations of chlorine in the water above them. This fact is used in 
some sewage disposal systems, to prevent putrefaction in the water 
layers above digesting sewage. The low-life organisms proliferate 
and putrefy quite freely in the precipitated sewage, in spite of a good 
chlorine residual in the overlying water layers. 

This condition exists likewise in many settling basins. It is not 
enough to pre-chlorinate raw water; the chlorine must penetrate 
thoroughly the detritus settling on the bottom of the settling basin. 
If not, putrefaction and feeding back into the effluent of disgusting 
odors and tastes goes on continually. 

Chlorine is markedly adsorbed on bleaching clay. Such sediment 
is sterile, because of the high surface concentration of chlorine on 
the clay. One hundredth of a grain of chlorine in a gallon of water 
is a concentration of one part in five million. But this same amount 
of chlorine adsorbed in one grain of bleaching clay is a concentration 
of one part inone hundred. Thus, with a minimum dosage of chlorine, 
both the sediment and the effluent of the settling basin are rendered 
substantially sterile. 

It may be alleged that other material, such as aetivated carbon, 
will adsorb chlorine and have the same effect. It is true that acti- 
vated carbon will actively remove chlorine from its dispersion in water. 
But Baylis states that activated carbon removes the chlorine by chem- 
ically destroying it; the carbon, by acting on the chlorine (and water), 
changes it to inert hydrochloric acid, and becomes itself carbon 
dioxide gas (C°+ 2Cl, + 2H,O = CO, + 4Cl- + 4H+). Thus 
every pound of activated carbon can destroy about eight pounds of 
chlorine gas. It is probable that this reaction does not proceed to 
absolute completion in every case. Part of the adsorbed chlorine 
may escape destruction by the carbon, and may, in such situations, 
give a certain amount of sterilization of the settling basin sediment. 
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But it is wasteful to use a material that is able to destroy the chlorine, 

_ in order to bring it into the sediment. Bleaching clay does not de- 

” stroy the chlorine it adsorbs. Hence, all the chlorine adsorbed on the 

% clay is available for sterilization of the organic detritus in the sediment, 

Bleaching clay costs about a cent a pound at most southeastern 

_ water purification plants, as against 5 to 8 cents a pound for activated 

_ earbon. This comparison is made, not for depreciation of activated 

__ earbon, which is a valuable agent in water treatment, but to give facts 

27 as to the characteristics of bleaching clay and carbon respectively in 
their action toward adsorbed chlorine. 
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Taste and odor problems should be met by forestalling them; the 
- average water plant does the opposite. It waits till the water distri- 
. - bution system gets saturated with odor-and-taste producing material, 
until finally complaints and dissatisfaction become so insistent that 
something must be done. Then, with a few cents worth of an ad- 
sorbent material per million gallons of water, or by superchlorination, 
pensar are made to rid the water system of material that has been 
building up for months. 
The fatuousness of such a policy is apparent to any intelligent opera- 
tive. The possible odor- and taste-producing substances should be 
- removed from the water as continuosuly and completely as possible. 
- When this is done regularly and systematically, the increase in water 
impurity from floods or low water does not at once push the quality 
of the water below the level of tolerance,—near which level it habitu- 
ally hovers, under a “laissez-faire” system. It is impossible for the 
water works staff to anticipate the occurrence of unpleasant tastes 
and odors; when the condition is realized, it has already become 
acute. 

That used to be the policy of water works towards the bacterial 
contamination of water. Nothing was done to conserve the water 
from being a carrier of typhoid and dysentery bacteria, until a typhoid 
fever epidemic or a wave of “summer complaint” brought a storm of 
indignation about the water plant. 

Now, the smallest water system feels the necessity of preventing 
bacterial contamination of the water at all times; not just when epi- 
demics and waves of sickness bring extreme dissatisfaction. 


na So it is the wisest policy to remove systematically the taste-forming 
substances, rather than to wait until dissatisfaction — ae 
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to this problem. It should be the settled policy of a water purifica- — 

tion plant to bring this about by obtaining in the mixing chamberthe __ 
most desirable type of floc; i.e., floc that contains, as far as possible, , 7 
all the bacterial flora in the raw water, especially all the easily ad- __ 
sorbable human parasitic bacteria, and practically all the turbidity of = = 
the raw water; not only the visible inorganic turbidity, but the more 
dangerous invisible organic detritus present in the raw water. Such — 
a floc should also be so well weighted with material of high specific __ 
gravity that it will settle well in the settling basin and be substantially _ 
sterile, through the concentration of chlorine adsorbed upon it. 

Such intelligent preparation of the water entering the settling 
basin will allow the purification of the water to be substantially com- 
pleted by the simple settling of the clay-alumina floc, by force of __ 
gravity, in the settling basin. ; 

Such an effluent, of low organic and inorganic turbidity, with sub- 
stantially all its bacterial flora removed, is an ideal material for low 
cost operation. The filter time of the sand filters could be materially _ 
lengthened. The amount of protective chemicals, chlorine or 
chloramines, could be decreased to a minimum. Such water would _ 
have increased stability of chlorine residual, for the material that con- 
sumes chlorine would be substantially absent. = © 

vale, 
DISCUSSION 


Mr. Grsson:! I want to compliment Dr. Slocum on at least two 
points in his paper. One, that we should pay more attention to the 
work being done by the sedimentation basin. If I had to select be- 
tween my filter or sedimentation basin, I would certainly select the 
sedimentation basin. ‘Two, that we should have preventive purifica- 
tion rather than lock the stable after the horse is gone—prophylactic 
treatment is better than treating the disease. 


Mr. Marquis: I am trying to get the relationship between what 
Dr. Slocum said about the alumina floc increasing the velocity and 
the statement Mr. Smith made with reference to the flocculator. 
With the flocculator we are getting increased agitation that helps the 
floc pick up the colloidal matter. Dr. Slocum, don’t you think that 
is rather related, Mr. Smith’s is a mechanical process and you are 
doing the same thing by using clay? te 


‘Manager, Water Department, Charleston, 8. C. 
Superintendent of Filtration, Spartanburg, 8. C. throw 
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__-Dr. Stocum: The momentum of a floc particle is the product of 
its mass and its velocity, so increasing either the mass or the velocity 
will increase the momentum with which a floc particle approaches 
another and so increase the probability of building up a larger ¢o- 
herent floc. The use of clay has continued for two years at Chester, 
Pa., and it has been practiced for a number of years in Germany. 


Mr. Marauis: Do you think it advisable, Dr. Slocum, to use clay 
continually when you have high clay turbidity in the raw water? 


Dr. Stocum: It would depend entirely upon what kind of clay you 
haveinthe water. ‘There are clays and clays, as you gentlemen know, 
You can try to sell a man, who is making bath room tile in New Jersey, 
one kind of clay and he will almost take a shot at you. You will find 
possibly in Florida a clay that is being used in rubber work and then 
you will not find that clay again until you strike North Carolina. | 
can not answer your question, the only thing to do is to try it. With 
some clays in your water you would use it and with others you would 
not, the only thing to do is to try it. 


Mr. Brown:’ I would like to ask Dr. Slocum if the use of bleaching 
clay absolutely reduces the amount of chlorine necessary when given 
as a pre-chlorine treatment? 


| Dr. Sotocum: Yes, in most cases, for, by the use of clay, you would 
remove most of the substances which react with the chlorine and so 
increase the stability of your chlorine residual. Putrefaction and 
bacterial proliferation can go on in sediments over which there is 
water containing chlorine. In such cases there is continual feeding 
back of the putrefactive matter into the effluent. Mr. Smith of Rich- 
mond, Virginia, has just mentioned such an occurrence in his interest- 
_ ing paper on conditions at Richmond. 
(Presented before the Southeastern Section meeting, April 5, 1933.) 


’ Chemist, Paper Makers Chemical Corporation, Atlanta, Ga. add} AW 
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OUTLINE OF STRAY CURRENT ELECTROLYSIS | 
OF By Ina D. Van Gimsen al 
(Electrolysis Engineer, Department of Water and Power, Los Angeles, 
Calif.) 


The various terms in modern usage in the numerous branches of 
electrical phenomena are all derived from “electron” which is the 
Greek word for amber. This seemingly peculiar selection of a term 


“~ foreign to the thing which it designates came about through the 


observation of Thales, (600 B.C.) that amber when rubbed with some 


~ other substance displayed the eccentric behavior of attracting bits of 


pith and other light substances. A little later it was discovered 
that jet and some other substances possessed this same characteristic. 
Since jet acted like amber it was said to be “electrified.”” Thus was 
obtained the prefix ‘‘electr,’’ which is applied to almost all the phe- 
nomena associated with the manifestation of one of the many forms 
of energy. 

It took 2330 years to discover that metals also could be electrified. 
In 1786, L. Galvani, professor of physiology at the University of 
Bologna, Italy, was experimenting with a freshly killed frog, which 
he had hung up by the leg on a brass hook attached to an iron railing. 
Whenever a part of the frog touched the iron there was an instantane- 
ous muscular contraction of some violence. With the dawn of the 
19th Century (1800), Alessandro Volta, an Italian physicist, invented 
the voltaic, or primary cell. Volta had discovered that the muscular 
contraction in the frog’s leg as observed by Galvani was caused by 
the flow of an electric current through the muscle and nerve fibres 
of the frog’s leg, between the iron railing and the brass hook. From 
the names of these two men have been derived such words as voltaic, 
voltmeter, volt, etc., galvanic, galvanism, ete. 

Volta having established the fact of the existence of an electric 
current and how such a current could be generated, there opened up a 
new field of investigation which rapidly disclosed many of the 
natural laws governing the a eae of this newly discovered 
energy. Michael Faraday and G.8. Ohm, with their contemporaries, 
formulated the laws governing the flow of electric current through 
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654 D. VAN GIESEN 
liquids, and through metallic conductors, respectively. Among these 
early investigators were Coulomb, Oersted, Ampere, Maxwell, ete, 
all of whose names have been given to the various units of measure. 
ment, and the phenomena related to electromechanics. The science 
of electricity was well established by 1850. 

An understanding of the natural laws governing an unfamiliar 
_ science is impossible without the possession of definite mental images 

for the units and terms involved. The quickest way to create such 
images is to correlate the unfamiliar science with a familiar one by 
the process of analogy. However, it is to be remembered that anal- 
ogies are similarities and not identities. By analogy certain funda- 
mental quantities are set forth here; other terms will be defined as 
the need arises. 

Electrical ‘‘potential’’ corresponds to hydrostatic pressure. The 
unit of measurement of potential is the “volt” which is a quantity 
_ similar to pounds-per-square-inch. Potential gradient is analogous 

to hydraulic gradient; its measurement is by voltage drop per unit of 

_ distance which corresponds to loss of pressure per unit of distance, 

“Ohm,” the unit of electrical resistance may be likened to the coeff- 
cient of friction. “Ampere,” the unit of electric current flow is 
- equivalent to a rate of flow, such as cubic-feet-per-second in the 
_ measurement of the flow of liquids. The time element is understood 
and not expressed in electrical measurements. The electrical unit of 

- quantity is the “coulomb,” and is the quantity of electricity obtained 

in one second by a current flow of one ampere. This unit of quantity 

in electricity is analogous to volume in hydraulics, such as cubic feet. 

The electrical unit of quantity used to measure the amount of 

electrical energy obtainable from a storage battery is the product of 

a the current flow and the time in hours, or “ampere-hours.” A 

storage battery rated at 100 ampere-hours will furnish a current of 

one ampere for 100 hours, or a current of 10 amperes for 10 hours, ora 
current of 100 amperes for one hour. 


Electric street railway systems became firmly established about 
1889. The use of the overhead trolley, with the rails as the return 
circuit soon became general practice, so that this date also marks the 


has been a more or less constant worry with many water works 
operators. The first serious effort to determine the nature, cause, 
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and remedy of the stray current corrosion problem was made in 
Boston, Massachusetts. 

After the investigation in Boston there followed a whole series of 
such surveys with various phases emphasized. About 1910 the U.S. 
Bureau of Standards took up the investigation of the electrolysis 
problem, and to date the subject has not been exhausted. About 
the best general formulation of the fundamental factors involved in 
the problem of stray current electrolysis was set forth by E. R. Shep- 
ard in 1923. a 
Uli THE MECHANICS OF ELECTRICAL FLOW = 

Before proceeding to an analysis of the practical engineering 
features of the stray current electrolysis problem it is believed 
necessary to explain the mechanics of the phenomena involved in 
order clearly to understand the nature of the problem. Matter is 
essentially electrical in its nature, and is held to be the foci of stress 
within the electromagnetic continuum of space. All substances are, 
therefore, carriers of electrical charges, some balanced, others un- 
balanced, so that between any two substances there exist anelectrical 
potential which is a measure of the unbalance between the electric 
charges carried by the respective substances. If some one simple 
substance is taken as a datum plane and the potential between it 
and other substances measured, a tabulation relative to the datum 
substance is obtained which may be arranged in a descending series 
of potential values. This has been done for the elements with ref- 
erence to hydrogen and the tabulation is called the “electrochemical 
series.”” In this series the alkali metals possess the greatest positive 
potentials, followed in order by the alkaline earths, then aluminum, 
zinc, iron and lead. Lead has the lowest positive potential. Copper, 
antimony, chromium, chlorine, oxygen, etc., have negative potentials 
increasing negatively in the order given. The further apart any two 
of these elements are in the series the greater the electrical potential 
between them. Any element in this series will replace any other 
element in the series which lies below the former, from solutions of the 
salts of the later. Thus the alkalies will replace the alkaline earths, 
which principle is used in the treatment of hard waters. The alka- 
line earths will replace the metals; the positive metals will replace the 
negative metals; zine will replace iron, nickle, tin, lead, copper, 
chromium, ete., iron will replace nickle, tin, lead, copper, etc., lead 
will replace copper and chromium, and chromium will corrode in the 
presence of chlorine, or nascent oxygen. 
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Most of us are familiar with this action as manifested by the severe 
pitting of iron when it comes in contact with crystals of Copper 
sulphate (blue vitriol): the copper being replaced by the iron, plates 
out as metallic copper, and the iron goes into solution as iron sulphate 
(green vitriol). 

A “solution,” as used in this article, means a mixture of water with 
some other element, or with salt or salts of some metal or metals, 
Water containing dissolved oxygen and/or hydrogen satisfies this 
definition as well as that containing a quantity of copper sulphate, 
sodium bicarbonate, or any other soluble salt. Also within this 
discussion an “electrolyte” is synonymous with a solution, i.e., any 
ionized aqueous substance. : 

The elements exist in two forms, ‘‘atoms’’ and ‘‘molecules.” A 
molecule of an element is made up of two or more atoms of the same 
element. Chemical compounds are made up of two or more atoms of 
different elements. These compounds (salts), when they dissolve in 
water separate at natural cleavage planes (where the affinity is least) 
into atoms and/or groups of atoms carrying electrical charges of 
opposite polarity. These charged atoms are called ‘‘ions’’ and due 
to their presence the solution is said to be ‘‘ionized.’’ An ionized 
solution is capable of carrying an electric current which is the char- 
acteristic and meaning of an “‘electrolyte.”’” An ion carrying a positive 
charge is called a “cation,” (found at the cathode) and an ion carrying 
a negative charge, is called an anion, (found at the anode). 

When any two metals are immersed in a solution, the positive 
cations of the solution migrate to the negative cathodic metal which 
will be the metal having the smaller relative potential. At the same 
time the negative anions will migrate to the positive anodic metal. 
The cations upon contacting the cathodic surface give up their 
positive charges to the cathode, become nascent atoms and unite 
with themselves to form molecules of the anodic metal and plate out 
on the cathodic surface or they unite with anions that may be present 
to form molecules of a salt. The same thing takes place with the 
negative anions upon reaching the anode except that usually the 
anions do unite with positive cations present to form a salt of the 
anodic metal. The salts formed, if soluble, go into solution in the 
electrolyte, and if insoluble they precipitate. 

Conditions for such an action are shown in figure 1. Two metals, 
iron and lead, are immersed in a solution of pure water (H:OH). 
Water is always dissociated to some extent, the minimum being one 
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molecule of water dissociated into one cation of hydrogen (H*), and - ar 
one anion of hydroxyl (OH~), in every 555 X 10° molecules of water 
(H,0, or H+OH-). 
It is to be remembered that here we are dealing with the phe- a 
nomena within the electrolyte. An anodic surface is a surface by 
which an electric current enters the electrolyte, and a cathodic surface — 
is one by which an electric current leaves the electrolyte. Outside of — 
the electrolyte a voltmeter will show that the electrode which fur- ‘ 
nishes the cathodic surface, within the electrolyte is positive to the i . 
electrode which supplys the anodie surface. Within the electrolyte _ 
the anode is positive to the cathode and the electric current flows — ao Pere 
within the electrolyte from the anode to the cathode. Ln * 


+ 


wit od vd moles 
“aT 2H,0=2H': 2 OH” tte TO 
H H OH 7 
sats We | 
hee SURFACE pals CATHODIC oe 
Af FIGURE | FIGURE 2 
Fig. 1. Gatvanic ELecrrovysis 
Fic. 2. CoNcENTRATION CELL—POTENTIAL DIFFERENCE BETWEEN “‘A’’ AND | 
_ “B” DEPENDS ON THE DIFFERENCE IN CONCENTRATION OF ANIONS, (0--~) | 
Therefore, the iron (figure 1), is positive to the lead (within the 
electrolyte) and is the anode. Likewise the lead is the cathode. The ‘ r 
cations of hydrogen in the electrolyte (pure water), migrate to the lead a 
cathode and give up their positive electrical charges thereto. As SS 
two such cations (positived charged atoms) give up their charges at . 
the cathode (the lead), they become nascent atoms and unite with ts 
t 
each other to form a molecule of hydrogen which upon reaching a : > 


certain quantity passes off as a gas. Likewise the hydroxyl anions 

(OH-) drift to the iron anode where they unite with ferrous cations : 
released by the iron anode to form ferrous hydroxide {[Fe(OH),]. 
If the iron and the lead are not in electrical contact, or are not affected 
by other chemical conditions, ionic equilibrium is established soon 
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and the action stops. However, if the anode and the cathode are 
electrically connected either as shown in figure 1, or by being in 
mutual contact, the positive charges given up to the cathode by the 
cations will flow as an electric current back to the iron. Under this 
condition ionic equilibrium cannot obtain and the action will continye 
until the anode or the electrolyte is completely used up. During this 
process the lead in the example being considered remains unchanged, 
The action outlined above is called galvanic electrolysis, and is the 
commonly known form of autoelectrolysis, or mutual corrosion 
taking place between two dissimilar metals. 

Another form of autoelectrolysis, or mutual corrosion, as prevalent 
as the process outlined above, but not so generally known, takes place 
between electrodes of the same metal which have anodic and cathodic 
areas impressed upon them by being in contact with dissimilar 
electrolytes. This can occur on the same piece of metal in contact 
with a solution which has zones or stratas of varying ionic concentra- 
tion. Such varying ionic concentration can be caused by varying 
normality of solution of a single salt or gas, or by varying quantities 
of several salts or gases. This second type of mutual or self corrosion 
has been called ‘“‘concentration cell electrolysis.” 

A simple example of electrolysis due to concentration cells is 
shown in figure 2. The two iron electrodes A, and B, are immersed 
in a solution which is pure water where it makes contact with A, and 
water containing dissolved oxygen where it is in contact with B. 
The presence of oxygen increases the anion concentration at B, and 
an electromotive force exists between the two electrodes. Electrode 
B, in contact with the higher anion concentration, takes on the 
negatively charged condition and becomes the cathode. Electrode 
A, in contact with the lower anion concentration, is positive to B, and 
therefore becomes the anode. Cations of iron go into solution at the 
anodic surface until the anion (oxygen) concentration is equalized. 
If A, and B, are connected to permit a current to flow, as shown in 
figure 2, and the electrolyte at B is in contact with the air so as to 
obtain more oxygen, the action becomes continuous through the 
precipitation of the hydroxides of iron. It is evident that electrodes 
A and B, may be two regions of the same piece of metal, such as the 
side of a pipe-line in contact with the soil. This is the action that 
comprises the greatest percentage of soil corrosion. 

In considering the corrosion of iron by concentration-cell electroly- 
sis, the dissolution of a metal by an externally impressed potential 
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also has been explained, (see figure 3) since as shown, there occurs an 
increase of cations at the anode and an increase of anions at the cath- 
ode due to the electric charges on the anode and cathode derived from 
the impressed potential. The ionic drift set up to equalize this 
difference in concentration carries with it the cations of iron from the 
anode and deposits them as metallic iron on the cathode. As long 
as the electromotive force is applied the action will continue until the 
anode is completely dissolved. Usually there are also secondary and 
tertiary chemical reactions which have not been considered here. 
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, EXAMPLES OF CORROSION 


These three processes of dissolving a metal constitute the sum a 
total of corrosion. All metallic corrosion can be explained by some . 
form of electrolysis, and is usually a process involving two, or all 
three types, so that corrosion in general may be termed “cumulative _ 
electrolysis.”’ Consider the corrosion of a length of cast iron pipe : 
laid in contact with the soil in the negative area of an electric railway 
track. Assume that the pipe is jointed with cement and is carrying a 
small flow of electric current. Such a length of pipe is shown in 
figure 4. The pipe, being in a negative area, is collecting current : 
from the earth under a potential E, at point A, and under a potential oy 
E; at point B. Point A is positive to B by the difference between Ye 
E, and E;, or Es. Point A is an anodic surface with respect to B. 
In the soil between these two points there will exist an electromotive 
force due to the difference in ion concentration between the points 
A and B, and iron from the pipe will go into solution at A. 
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Now consider the joint. Concrete and/or neat cement conducts 
electric current as an electrolyte. In the example shown, the bell of 
the pipe is positive to the spigot due to the potential gradient (IR- 
drop), across the joint. Iron will be dissolved on the inside of the 
bell. The cement will slowly break down, become more highly 
ionized, the free lime will be removed by seepage, and there will result 
an electrolyte concentration cell which will carry on the dissolution 
of the iron even after the impressed current has ceased to flow. 

With this establishment of the physical and chemical principles 
involved in the phenomena of corrosion, the engineering features of 
the problem of stray current electrolysis can be intelligently con- 
sidered. Stray electric currents flowing through the soil strata of 
the earth may be caused by the grounding of direct current power 
cables, but such an accident is rare. Most damage by stray current 
electrolysis is caused by leakage current from the tracks of electric 
railway systems. Therefore, a study of corrosion by stray current 
electrolysis begins with the consideration of the power distribution 
and operation of the affecting electric railway system. 

STRAY CURRENT ELECTROLYSIS 

The present day practice in the operation of electric street railway 
systems is to use the tracks as a circuit to return the current to the 
power stations. The energy is usually supplied to the cars by means 
of an insulated overhead trolley wire. The track is in contact with 
the earth which, although relatively a poor conductor, has such a 
large cross sectional area in contact with the tracks that the resistance 
through the earth to a particular power supply point is relatively 
small. The current divides in direct proportion to the conductivity 
of these two paths. If the track system is well bonded and the line 
is not overloaded, the greater proportion of the current will return 
over the rails. 

In a city street there exists many tons of more or less continuous 
metallic substructures, such as gas lines, water pipes, telephone 
and telegraph cables, etc. This metallic network forms such a good 
return circuit that often in the down-town district where the railway 
tracks are usually heavily overloaded the earth forms a less resistant 
path to a particular power supply point than the railway tracks. In 
such a case the underground structures will carry most of the return 
current. In all but the most exceptional cases the underground 
plant does carry more than 10 percent of the return current. When- 
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ever and wherever a metallic substructure in contact with the soil — 
carries an electric current there will be corrosion directly due to such — 
current, and the degree of this corrosion, other factors remaining 
constant, is directly proportional to the current density. ptt 

Consider a unit of track length; such a unit will consist of a feeding 
distance, that is, a certain length of track between the connection 
of a negative feeder and the point on the tracks where the rail current 
reverses and flows in the opposite direction. Such a feeding distance 
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is shown in figure 5, F being the negative feeding point, and EK the end ~ 

of the line. All current delivered throughout the section FE returns” 

over the insulated negative feeder connected to the tracks at F, to 

the power supply station. At the end of the line the tracks will be 

at a certain potential above the point F’, due to the potential gradient © 

(IR-drop), in the track. The track will also bear a certain potential 

relation to the earth, being positive to the earth at theendoftheline, = =—— 

passing through a neutral point about 60 percent of the distance “gen 
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from the end of the line to the point F, and reaching a maximum 
negative value at the point F. Between the end of the line and the 
neutral point the track will discharge current to the earth. In the 
positive area between the neutral point and the negative feeding 
point the earth will discharge to the rails the current it acquired ip 
the negative area. The value of this leakage current will depend 
upon the potential difference between F and E, the potential differ. 
ence between the track and the earth, and the resistance between 
the track and the earth. Anything that changes any of the factors 
changes the value of the leakage current. A reduction in the 
leakage current produces a corresponding reduction in stray current 
electrolysis. 

Therefore, the primary solution for stray-current electrolysis is the 
reduction of the leakage current to the lowest possible value com- 
patible with economy. This is the first law of electrolysis mitigation. 
The total elimination of leakage current is possible only by the use of 
the double trolley system such as is used in New York City, Wash- 
ington, D. C., Havana, Cuba, and a few other cities. 

In any particular case the track leakage can be reduced by lowering 
the resistance of the track return circuit. Proper bond maintenance 
will go a long way toward this end. The best bonds are electrically 
welded rail joints, and the next best, electrically welded U Bonds. 
The track return resistance is usually figured at 0.25 of the cor- 
responding positive feeder or trolley wire resistance, but in practice 
almost never reaches a value less than 0.43. Leakage current can 
also be reduced by maintaining a high track-bed resistance which can 
be assured by an asphalted-rock, well drained, ballast. Track leak- 
age may be reduced by reducing over-all voltages which should never 
exceed 10 volts between any two points within the city network. 
Stray current can also be reduced by lowering the rail gradients 
which should never exceed 0.5 volt per thousand feet. The values 
mentioned are averages for the operating period, and are those 
recommended as good engineering practice for America by certain 
large manufacturers of electrical railway equipment and concurred 
in by the Bureau of Standards. 

If under a street occupied by electrical railway tracks, there are 
telephone cables, gas, and water mains, etc., certain voltage relations 
will exist between them. These relations are shown in figure 5, 
_ reference being toearth. In the negative area the tracks are positive 

- tothe earth, and in the positive area the earth is positive to the tracks. 
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This is just the reverse of the potential relations between the under- 

und structures and the earth. The underground structures will 
collect current in the negative areas and will discharge in the positive 
areas the current thus collected. The positive areas are the regions 
of greatest damage but as already explained the substructures in the 
negative areas come in for their lesser share of corrosion by the 
tendency of the presence of electric current to increase soil corrosion. 

The telephone cables due to their continuous lead sheaths will 
assume a potential gradient somewhat like the curve CC’. A pipe 
line, if large and electrically continuous, such as a welded WI gas 
main, will assume substantially the same form of gradient. The 
water line, usually being cast iron, will have a flatter gradient, as 
curve WW’ shows. The relative position of the gradients of the 
several systems are never exactly alike so there exists potential differ- 
ences between the various structures. Such potential differences 
will set up an interchange of current between the systems, and this 
interchange of current takes place in the negative areas as well as in 
the positive areas. 

Suppose the substructure relations are unsatisfactory. One 
remedy is to drain the various systems at the negative feeding point 
by connecting them through suitable resistance grids directly to the 
negative bus of the power supply station. Each system must have 
its own individual bond. By adjusting the'resistance grids the IR- 
drops on the several substructures systems can be equalized. All 
systems will have substantially the same gradient and interchange of 
current will be prevented. 

After bonding, the potential gradients of the electrically con- 
tinuous systems will have substantially the same gradient, and inter- 
change of current will be prevented. 

After bonding, the potential gradients of the electrically con- 
tinuous systems will have the same form as before bonding but drop 
in their relation to the earth (see figure 5, curve C’’C’”’) to, say, zero 
potential at the negative feeding point. The systems will be now 
everywhere negative to earth and will collect current over their entire 
length. In the negative areas these systems will be at a much lower 
potential to earth and, since the current picked up is proportional to 
this potential and to the pick-up area, the current flowing over the 
bonded system will be several times greater than its original value. 
Although never satisfactory, if the current is not excessive the con- 
dition may be tolerated. 
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_ Now consider a cast-iron pipe with cement joints. Due to th 
high resistance of the cement joints the drainage bond will affeet the 

_ potential gradient for only a few hundred feet (see figure 5, curye 
W’W’). ‘Thus the line is at an aggravated positive potential to the 
other underground systems and will suffer a corresponding increas 
in electrolytic corrosion. Moreover, the current drawn through the 
cement joints is increased and as already explained when this happens 
the period of usefulness of such joints is greatly lessened. 

Under such conditions, the only remedy is to decrease the leakage 
current from the railway tracks. This can be done by reducing the 
negative feeding distance by tapping in an insulated negative feeder 
at a point usually three-quarters the distance from the existing nega. 
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Fig. 6. PorTeENTIAL RELATIONSHIP OF TRACK AND EARTH 


tive feeder and the end of line, and restraining the current flow over 
the original negative feeder. One such feeder will reduce the leakage 
area by 4, two feeders, by 16, etc., as the leakage area is inversely 
proportional to the square of the number of negative feeding points. 
If such an insulated negative feeder system is unsatisfactory the 
only other remedy is to build another substation. 

The above considerations have been based only on the longitudi- 
nal potentials relations. However, there are transverse potential 
gradients through the earth which have equally as great an effect on 
stray-current electrolysis as the better known longitudinal relations. 
Attention was called to these gradients by E. R. Shepard in the 
Electrical Railway Journal, April 7, 1923. bf 
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Consider a point near the end of the line in the negative area, 
(ee figure 7). There will exist potential gradients at various depths 
through the earth perpendicular to the track, substantially as shown 
by the curves. The point P represents a small piece of metal which 
will assume the potential of the earth and will neither pick up nor 
discharge current. B-A is an iron bar several feet in length which, 
due to its conductivity, will have a potential which will be the 
average of the earth with which it is in contact. One end of this bar 
will be negative to the earth and will pick up current. The other 
end of the bar will be positive to the earth and will discharge the 
current picked up. A parallel pipe line, at least 8 inches in diameter, 
having no laterals or services, such as M;, will be for the same reason 


100 BO 60 40 20 
FEET 


Fic. 7. TRANSVERSE POTENTIAL RELATIONSHIP OF EARTH RELATIVE TO TRACK. 
NEGATIVE AREA NEAR END OF LINE 


as the iron bar, an equapotential system. Part of the circumference 
will be negative to the earth and part will be positive. Such a pipe 
will collect current on one side and discharge it on the other. 

If the main has laterals and services such as shown by M, the 
system will assume some potential as shown. The system will 
collect current over a small area under a large voltage E; and dis- 
charge it over a large area under small voltages E; and E». This is 
another reason why corrosion is found in negative areas. 

The rate of corrosion depends on the density of the current dis- 
charge. One ampere flowing for a year will carry into solution 
about 20 pounds of iron or about 74 pounds of lead. A discharge of 5 
milliamperes per square foot from ordinary WI pipe is sufficient to 
reduce its usefulness from about 30 years to 10 years or less. 
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The conditions in the positive areas near the power supply stations 
are substantially the same as those set forth above except in the 
_ reverse order (see figure 8). In a positive area, the main with 
— laterals and services will pick up a large current over a large area 
_ under small voltages E; and E, and discharge this current in a smal] 
area under the large voltage E;. 
In determining the electrolytic conditions, a survey is made of 
the section involved. This includes the track network, the under. 
_ ground plant, and the affecting power supply station. The survey 
consists of making certain electrical measurements which are criteria 
_ of the existing conditions. A potential survey is first made between 
_ the various underground systems, the tracks and the earth. _ If these 
potentials exceed certain values the survey is continued to determine 
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Fig. 8. TRANSVERSE POTENTIAL RELATIONSHIP OF EARTH RELATIVE TO TRACK. 
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the reason. A study is made of the operating conditions of the 
affecting railway system. This includes the determination of overall 
voltages, rail gradients, track resistance, substation capacities, line 
loads, headways, types of cars, etc. From such data the current 
originating in any section can be determined. Negative and posi- 
tive areas are defined and with this knowledge it is a simple matter 
to determine the current leakage. In fact, when an electrolytic 
survey is completed as much is known about the railway system as 
about the underground plants. Often defects in the railway system 
that were not known to exist are uncovered by an electrolysis survey. 
| MEASURING LEAKAGE CURRENT 


The leakage current is the most important single item and may be 


found by four methods so that it is an easy matter to check the results 
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obtained by any method, thus assuring accuracy in the final results. 
In case of dispute, the actual current density flowing through the 
earth can be measured by the McCollum Earth Current Meter, the 
principle of which will be explained later. All important measure- 
ments are taken on recording instruments over full 24-hour periods, 
and the values used are averages for the operating period of the 
affecting substation. Such records also show the conditions during 
the peak loads. Once the survey has been completed the proper 
remedy from an engineering standpoint is at once apparent. How- 
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9, Crrcurr or McCotium Earta Current METER 
edt 
ever, economic considerations may materially affect the mitigating 
measures finally decided upon. 

All the instruments used in making electrolysis measurements are 
well known to the electrical profession with the exception of the 
McCollum Earth Current Meter. This instrument measures the 
density of the current flowing through the earth, the direction of flow, 
and the soil resistance. 

The circuit of the earth current meter is shown in figure 9. The 
four electrodes, Ni, Pi, Pz, Ne, are carried on a rigid frame spaced 
certain specific distances apart so that the instrument constant will 
not vary. The value of this constant depends on the distances 
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_ between the electrodes, and on their contacting surface areas. The 
measurement made is an IR drop, i.e., a potential gradient. 

The electrodes N; and N; are high resistant and non-polarizable, 
consisting of porous wooden cups containing a saturated solution of 
copper sulphate. Electrodes P; and P; are metallic copper styluses, 
The electrodes are placed in close contact with the earth, the switch 
S, closed and the IR-drop between N; and N; due to the earth current, 
measured. Sufficient readings are taken to assure a representative 
average value. The switch S, is then opened and the switch §, closed, 
so that the circuits between the electrodes and their respective meters, 
through the synchronized commutators C; and Battery B 
furnishes a current which is measured by the ammeter A. The 
commutators are turned by means of a crank so that an alternating 
potential is impressed across the electrodes P; and P:. An alternat- 
ing current will flow through the earth equal to the direct current 
- measured by the ammeter A. This current will set up an alternating 
_[R-drop between the electrodes N, and This potential, com- 

- mutated by C2, is measured by the direct current voltmeter V. At 
the same time the direct potential IR-drop due to the normal earth 
current is impressed between N,; and No, commutated by C, into an 
alternating potential and therefore has no effect on the voltmeter V. 
There has now been measured the IR-drop due to the earth current 
and the IR-drop due to a known current. The resistance cancels 
out and the earth current is equal to the measured current times the 
ratio between the two IR-drops. This value multiplied by the 
_ instrument constant (K) gives the earth current in milliamperes per 

square foot, or in symbols i = It = 
The effect of track and eae resistance on the current leaking 
from a section of track of an electric street railway system is shown 
by the several curves in figure 10. These curves also show very 
impressively the effect of grounding the substation of such a system. 
Such grounding results when current drainage ties are established to the 
underground structures. 

The straight line curve shows the current that would be on the rails 
if there was no current leakage therefrom. Curves A, B, and C, 

show the values of the total leakage current at any point on the track 
Sao being considered. Curve A shows the leakage cur- 
rent resulting from a high resistance track return circuit (6 = 0.02%/ 
1000 ft.), coupled with a low leakage-resistance of the track bed, 
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(r = 0.40°/1000 ft.). Curve B shows the effect of decreasing the 
k resistance from 0.02 to 0.005 ohm-per-1000-feet. The maximum 


leakage current is reduced about 50 percent. 
further results of increasing the track leakage-resistance to earth. 


Here an increase of leakage resistance from 0.40 to 1.6 ohms-per- 


Curve C shows the 
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- 1000-feet, decreases the maximum leakage current by about 66 per- 
cent, so that now the maximum leakage current is only about 17 


percent of its value under the original conditions. — 


be 
| 
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Curves A’, B’, and C’, show the values of the maximum pai 
current for the same twadk conditions as for curves A, B, and cq 
respectively, but the substation is now grounded. Note that under - 
bad track conditions this maximum leakage current is now 77 per- 
cent of the total load current as compared to 44 percent for an in-— es na 
sulated substation. For poor track conditions these values are 46 per- 
cent for the grounded substation, and 21 percent when ungrounded. — 
For good track conditions these values become 28 percent and 7.6 — 
percent respectively. i 

Upon completing the survey of a substation area it is well to con- _ 
struct a map showing the track system and any electrically con- 
tinuous sections of the pipe system, upon which are plotted the 
data obtained in the survey. Such a map is shown in figure 11. 
The curves are plotted to scale and key values are shown, along with | - %3 
the values and directions of current flows. Sucha map shows where 
dangerous points and areas fall, within which damage from stray __ 
current electrolysis may occur. Such a map also shows the condition 
of the electric railway system, and to an electrical engineer shows very _ 
clearly exactly what is wrong, if anything, with the operation of the a ; 
affecting substation. lig 


In remedying existing troubles adequate surv reys 
should be made and the proper engineering remedy applied. The act 
stray current electrolysis problem cannot be solved by any method of ng 
unlimited drainage. Drainage should be used only as a temporary 
expedient, or where conditions cannot be improved by any other es as 4 
feasible means. Drainage bonds must always be connected to the _ - 
negative busses or feeders through separate resistance grids, andasa __ 
rule never to the rails. Bonds should be capable of being opened at _ 
any time by the company with whose structure the connection is 
made. Ap; 

The electrolysis problem is here with us; it cannot be solved by | 
refusing to admit its existence. The problem of stray-current 
electrolysis is an engineering one with all the technical and economic — 
features. All interested parties have the same problem so that it 
can be solved only through the closest codperation among all parties 
concerned. It must be attacked as other engineering problems are 
getting — data y—the whole truth. 
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2S « DECEMBER 31, 1933 


Total Assets Representing Surplus 


Composed as Follows: 
Addition to Surplus for Year Ending 12/31/38.................. 


yas vd bevore 
INCOME 


Subscriptions to 2,251.05 

Royalties on Manual 78.00 

Convention Registration Fees....................... 3,123.70 


STATEMENT OF FINANCIAL CONDITION YEAR ENDING 


ASSETS 

Accounts Receivable Advertising.................... 5,012.00 

_ Accounts Receivable Manuals....................... 25.00 

Office Equipment (Depreciated)..................... 1,685.55 

Less: 

Annual Dues, Advance 


Annual Payment by Water Works Manufacturers 
] Reimbursement for Office Expense by Sectional Com- 
AL 


wi 


REPORT OF THE SECRETARY io 


boe 


$40 , 544.10 


352.31 


STATEMENT 01 OF * INCOME AND EXPENDITURE YEAR ENDING 
wo 


v7 

shar 
vik ovteald 
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ADS 


| 
37 , 854.18 
2,337.61 
| 
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Refund of Expenses advanced to American Public 
Health Association (Publication of Standard Meth- 


Sale of Census of Water Purification Plants.......... 408.04 eet am 
EXPENDITURE 
Convention Entertainment Expense................. $2,685.60 
Convention Expense (balance)........................ 1,337.44 irs 
Section and Division 
Depreciation, Office Equipment...................... 187.28 


Publication of Census of Water Purification Plants.... 1,027.82 tL ieioT 
Traveling Expenses of Section Secretaries to 1933 An- 


Certificates, John M. Goodell Prize.................. 25.00 

Total ———_ $54,791.51 


Excess of Income over Expenditure Year Ending, 12/31/33.. $2,337.61 
Icertify that the above two statements are in accordance with the books and 


(Signed) A. B. Dormr, 
| 170 Broadway, New York, N. Y. 
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Membership statement for year 1933 


acrive | clare | any’ | TOTAL 
1, 1,996 | 207 | 171 16 | 2,390 
Gains: 
154 9 5 168 
98 10 24 132 
Dropped for Non-payment of Dues 
errr 217 7 10 234 
Total December 31, 1933................. 1,864 | 199 | 145 13 | 2,221 
Total January 1, 1033.................... 1,996 | 207 | 171 16 | 2,390 
im Weer 132 8 26 3 169 
aT Comparative statement—gains and losses—siz-year period 
DROPPED TOTAL 
YEAR NEW |ResToRED| | DEATHS 
OF DUES OF YEAR 
1933 168 56 132 27 
1932 117 22 141 28 
Ang 1931 203 22 98 25 
Leiftin’ 1930 501 39 95 26 
Ades ( 314 25 94 24 
1928 203 36 86 13 
Totals—6-year 
period........ 1,506 | 200 646 143 
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ABSTRACTS OF WATER WORKS LITERATURE! 


FRANK HANNAN 


Key: American Journal of Public Health, 12: 1, 16, January, 1922. The 


figure 12 refers to the volume, 1 to the number of the i issue, and 16 to the p 


Stormwater Station at Detroit. Miron F. Eng. News- 


Rec., 107: 182-4, July 30, 1931. Illustrated description of Connors Creek 
pumping station, which was placed in operation in 1930. Installation consists 
of four 84-inch, vertical shaft, single-suction, screw pumps driven by electric 
motors, with capacity of 500 second-feet each at 27- foot head. Ultimate plant. 


will include 8 pumps.—R. E. Thompson. 


Stormwater Pumps Drain Levee District at : Dallas, Texas. Apert S. Fry. 


Eng. News-Rec., 107: 292-4, August 20, 1931. Four electrical pumping sta- 
tions, necessitated by construction of leveed floodway in Trinity River valley, 
are described and illustrated.—R. EZ. Thompson. 


Testing Stormwater Pumps by Novel Method. H. W. EnauisH and ALBERT 
§. Fry. Eng. News-Rec., 107: 294-5, August 20, 1931. Method of testing 
pumping plants described in previous abstract is outlined. Heads for the 
tests were built up by throttling gate valves in pump discharge lines.—R. LE. 
Thompson. 


Concrete Block Lining Permits Rapid Driving of Large Water Tunnel in De- 
troit. Eng. News-Rec., 107: 202-6, August 6, 1931. Detailed description of 
construction of shield-driven tunnel, 12,000 feet long, between River Rouge 
and Ford Motor Company’s Dearborn plant in Detroit, for additional supply 
of water for power plant condensers. Tunnel is of 15 feet inside diameter and 
has inner lining of 18-inch monolithic concrete inside an 18-inch concrete- 
block lining. Capacity is 913.6 million gallons per day. Ground traversed is 
soft clay, requiring bulkheads in the shields to prevent flow of plastic clay into 
tunnel. Pumping plant consists of 4 booster pumps of vertical propeller type, 
each having capacity of 157,750 gallons per minute against 14.5-foot head.— 
R. E. Thompson. 


' Vacancies on the abstracting staff occur from time to time. Members 


desirous of coéperating in this work are earnestly requested to communicate 
with the chief abstractor, Frank Hannan, 285 Willow Avenue, Toronto 8, 
Ontario, Canada. 
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Uneven Filter Washing Remedied by Reducing Velocity. J. E. Lyuzs. 
Eng. News-Rec., 107: 845, 1931. Difficulties at Tampa filter plant due to 
uneven washing and gravel displacement were corrected by reducing rate of 
backwash from 2.3 to 2.0 feet per minute. Area of wash water openings is 
7.8 per cent of sand area, as compared with from 0.2 to 0.3 per cent usually 
recommended.—R. E. Thompson (Courtesy Chem. Abst.). 


Municipal Works in the Soviet Union. Eng. News-Rec., 107: 622, October 
15, 1931. Municipal works in pre-war Russia were very limited: only 19 cities 
out of 1063 in empire had sewerage systems and about 200 had central water 
works. In 5-year plan, these works received much attention. Water supply 
systems are to be completed in 131 cities and sewer systems in 13 cities before 
end of 1931. Since 1917, 114 new water supply systems have been installed, 
present total being 333; only 219 cities with populations in excess of 10,000 had 
supply systems prior to war. There are now 32 cities served by sewer systems. 
Extent of sewer systems in larger cities varies from 35 to 80 per cent (average 
65 per cent) of area embraced by water systems.—R. EF. Thompson. 


Fresh Water System Established in Bermuda. Eng. News-Rec., 107: 668, 
October 22, 1931. First fresh water system in Bermuda, regarded for centuries 
as impossible, will be put in commission on November 30. System consists of 
open-joint pipe line in trench, at base of small hill near Hamilton, 250 feet long 
and 4 feet deep, sloping gradually to concrete-lined pump pit. Supply will 
be pumped to new reservoir, which will deliver the water to Hamilton, present 
capital, and possibly to St. George’s, former capital. System was designed by 
Prof. W. D. Turner of Columbia University.—R. EZ. Thompson. 


Special Construction Methods on Ottawa Filtration Plant. J.C. DonNeELty. 
Cont. Rec. and Eng. Rev., 45: 747-8, June 24, 1931. Brief outline of concrete- 
placing methods being employed in construction of new filter plant at Ottawa, 
Ont.—R. E. Thompson. 


Cement-Water Ratio by Weight Proposed for Designing Concrete Mixes. 
Ince Lyse. Eng. News-Rec., 107: 723-4, 1931. It is demonstrated that if 
cement-water ratio by weight is used instead of water-cement ratio, then 
strength-ratio curve becomes nearly a straight line. Strength, S, of concrete 


may therefore be expressed by formula: S= A +BX « where A and Bare 
w 


constants depending upon materials and conditions of tests and ra is cement- 


water ratio by weight. It has been shown that amount of water per unit 
weight of concrete of given consistency remains practically constant for con- 
cretes of different richness, so that for any given consistency equation reduces 


B 
to: S = A + Ke, where new constant, K, equals — and c, as before, is cement 


content per unit of concrete. Strength of plastic and workable concrete may, 
therefore, be considered as depending upon concentration of cement particles 
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. Constructing a Water Supply for Large Paper Mill. C. H. Picor. Cont. 
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per unit of water and in such way that strength increase varies directly with oe 
increase in cement content per unit of water, so long as water content per 
ynit of concrete remains constant. This straight-line relation enables the 
entire strength-cement-water-ratio relation to be determined from 2 well- a 
established points, whereas 4 or 5 points are required to establish the curved _ 
strength-water-cement-ratio relation —R. EH. Thompson (Courtesy Chem. 


Abst.). 


Cement-Water Ratio by Weight Used Before. A. W King. Eng. News- : 
Rec., 107: 1013, 1931. It is pointed that cement-water ratio proposed by G 
Lyse (cf. previous abstract) was previously employed by Gaye (C. A., 21: ay 
4042). Table of water-cement ratio equivalents is included, showing relation- ; - 
ship between various methods of expression.—R. E. ‘Thompson (Courtesy 7 

Job Curves and Water-Cement Ratios. F. T. M AVIS. Eng. News-Rec., _ a 
108: 226, 1932. It is pointed out that, assuming typical job curve to be of > one 
exponential type suggested by Abrams, S = B thisformulamaybe 
Bis 
plotted as straight line on semi-logarithmic paper, thus gaining same simplic- 3 of Sime 
ity claimed for cement-water ratio by (cf. previous abstracts) —R. BE. 
Thompson (Courtesy Chem. Abst.). 

Tests Indicate Thick Steel Plates Meet Specifications. F. 0. Durour. | a 
Eng. News-Rec., 107: 689-90, 1931. During design of unusually large flat- = = 
bottom steel water tank, in which bottom ring of shell called for plates more __ oe 
than 2 inches thick, physical and chemical characteristics of metal incoupons = 
cut from bottom, center, and top (corresponding to position in original ingot) __ 
of sample plate were studied. Analysis showed segregation of non-ferrousele- 
ments in top part of ingot, but not sufficient to be injurious, and also slight | tie 
segregation in center of plate. This was accompanied by progressive increase 
in yield point and in tensile strength and progressive decrease in ductility, — : 
from bottom to top of plate.—R. EH. Thompson (Courtesy Chem. Abst.). = 


Rec. and Eng. Rev., 45: 769-73, July 1, 1931. Illustrated description of con- __ a ie 
struction of new supply system for Beauharnois Mill of Howard Smith Com- 
pany in Quebec. Project included intake tunnel, 3 X 5 feet incross section, = 
extending 180 feet from vertical shaft, 33 feet deep, on shore of Lake St. Louis, =” _ 
pumping station, and 12-inch spiral riveted steel pipe line, 2712 feet long, 
Water enters the intake tunnel through 8 inlet holes, 8 inches in diameter, _ % 
fitted with cast iron strainers. Present water requirement is3 million gallons = | 
per day.—R. E. Thompson. | 


Maintenance by Electric Welding Machines. A. S. Ropertson. Cont. a a 
Ree. and Eng. Rev., 45: 1053-5, September 2, 1931. Discussion ofexperience =~ 
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of Ontario Hydro-Electric Commission in regard to cavitation and pitting of 
turbine runners and repair of same by electric welding. Two main theories of 
cause of cavitation are chemical corrosion by oxygen in air released by sudden 
changes in pressure of water passing through turbine and mechanical action 
by high impacts caused by collapse in rapid succession of vortices formed ag 
result of improper stream lines. Use of stainless steel for surfacing runners 
appears promising.—R. EF. Thompson. 


Huge Intake Lagoon Built to Avoid Ice Troubles. Torris Erne. Eng. 
News-Rec., 107: 494-8, 1931. Detailed description of design of new 940- 
m.g.d. intake works at Detroit. Intake structure is placed within artificial 
lagoon in Detroit River in which approach velocity will approximate 3 inches 
per second for 2 hours or more, before water enters intake ports. Function of 
lagoon is to eliminate, or greatly reduce, ice troubles, principle being that frazil 
ice will not form under the ice sheet which will form rapidly over quiet water of 
lagoon and that any frazil ice carried in from river will rise and adhere to ice 
sheet. Maximum port velocity will be 0.9 foot per second. Emergency intake 
was constructed through lagoon wall, designed to open automatically at pre- 
determined water level in intake.—R. E. Thompson (Courtesy Chem. Abst.). 


Contract Let for New Fresh Water Intake for Toronto. Eng. News-Rec., 
107: 672, October 22, 1931. Contract has been let for new intake at Toronto, 
Ont. Work consists of sinking compressed air caisson, 3300 feet from shore, 
to meet tunnel which has been driven to that point, and laying steel pipe, en- 
cased in concrete, in trench, 4250 feet farther into lake. Depth of water is 
about 50 feet. Each pipe section will be 100 feet long and will weigh 250 tons. 
Actual construction will be commenced in spring of 1932 and completion is 
scheduled for fall of 1933.—R. E. Thompson. 


New Delhi, Capital City of India, 1931. Eng. News-Rec., 107: 413-6, Sep- 
tember 10, 1931. Detailed description of New Delhi, the new capital city of 
India, opened and dedicated this year. New water supply system, with intake 
in adjacent Jumna River, serves both new capital city and old city. Filter 
plant has capacity of 10 million gallons per day. There is also an unfiltered 
supply for flushing streets and sprinkling gardens. Sewerage system also 
serves both cities—R. EZ. Thompson. 


Vancouver’s Water Supply. E.A.CieveLANnp. Cont. Rec. and Eng. Rev., 
45: 853-5, 985-7, 1015-7, 1931. Detailed description of water supply system of 
Greater Vancouver Water District, derived from Capilano and Seymour 
Creeks, Burwell Lake, and Coquitlam Lake, watersheds of which, with excep- 
tion of logging operations on Capilano, are uninhabited. Access to watersheds 
can be had only by permit and all employees must submit to blood test (Widal) 
and produce certificates of health before entering watershed. Water is de- 
livered to member municipalities for 4.5 cents per 1000 gallons.—R. E. Thomp- 
son (Courtesy Chem. Abst.). 


Waterworks Architecture. Vicror A. Matreson. Eng. News-Rec., 107: 
488-91, September 24, 1931. Discussion of water works architecture and its 
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importance. One of supposed difficulties often cited as objection to making 
water works architecturally well designed is extra cost. Actually, difference 
in cost between two buildings of identical size and arrangement, one of con- 
ventional factory type and the other with some pretention to architectural 
merit, is comparatively little. It need not add 10 percent to cost of super- 
structure. In terms of percentage of total cost of entire project, including 
underground piping and equipment, added cost is frequently less than 1 per- 
cent. To be successful, any design should be harmonious in composition. 
Easiest and probably most satisfactory method of handling steel tank problem 
is to cover tank with building material in harmony with building. The water 
works is a public building, connected with utility of prime importance, and 
should reflect dignity, repose, and purpose befitting its use. Illustrations of 
examples of modern water works architecture are given.—R. E. Thompson. 


Fayette F. Forbes, Dean of New England Waterworks Superintendents. 
Eng. News-Rec., 107: 503, September 24, 1931. Brief outline of work of F. F. 
Forses, who has served as engineer and superintendent of Brookline, Mass., 
water works for 56 years.—R. E. Thompson. 


Water Plant Built at Low Cost Holds Industries in Small Town. Burton 
LowTHER. Eng. News-Rec., 107: 492-3, 1931. New filter plant at Johnstown, 
Colorado, consists of coagulation basin, 4 rapid sand filters with total nominal 
capacity of 1.5 million gallons per day, and clear well. Flow through filters 
is throttled by water in clear well, operation of plant thus being largely auto- 
matic. Two old filter units were utilized in construction of coagulation basin 
and clear well. Cost was less than $9,000 per million gallons.—R. EF. Thomp- 
son (Courtesy Chem. Abst.). . 

Thief Valley Dam in Oregon. Eng. News-Rec., 107: 634, October 15, 1931. 
Unit bids given from contract for Thief Valley dam of Baker project on Powder 
River in Oregon. Structure is buttressed type, with reinforced-concrete face 
slabs, 380 feet long on crest and 66 feet high. Contract price was $67,835.— 
R. E. Thompson. 


Power Plant in Northern Ontario Largely Built During Winter Months. 
D. Hurcuison and Rosert F. Leaerer. Eng. News-Rece., 107: 678-82, Oc- 
tober 29, 1931. Illustrated description of construction of Upper Notch dam 
and power plant of Northern Ontario Power Company on Montreal River, 
which has installed capacity of 13,000 horsepower. Power house forms inte- __ 
gral part of gravity dam 500 feet long and 70 feet high at maximum section. __ 
Construction at temperature well below zero had to be planned for.—R. E. 
Thompson. 


Replacement of Concrete Dam on Au Sable River. Brernarp P. CaFFIAUX eee 
and P, A. Vitteneuve. Cont. Rec. and Eng. Rev., 45: 699-701, June 10, 
1931. Description of demolition of reinforced concrete dam erected in 1908 
and of construction of new gravity concrete dam for hydro-electric plant of 
Jonquiére, Quebec.—R. E. Thompson. 
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 Electric-Resistance Strain Gage Measures Stresses in Concrete. E, 
Eaton. Eng. News-Rec., 107: 615-6, 1931. Strain gage is described by means 
of which stress in mass concrete can be determined in units as small ag 10 
pounds per square inch. Design of instrument is based on change in electrical 
resistance of an elastic steel wire, due to change in tension. Comparison 
with an ordinary mechanical gage showed good agreement.—R. E. Thompson 
(Courtesy Chem. Abst.). 


Emergency Water Supply of 4 m.g.d. Completed in 70 Days. A. D. Coucu. 
Eng. News-Rec., 107: 758-61, November 12, 1931. Illustrated description of 
construction of supplementary supply works for Lexington Water Company 
to relieve impending water shortage during closing months of 1930. At main 
pumping plant, 3 miles southeast of city, there are 3 impounding reservoirs 
of 885 million gallons total capacity, while a fourth reservoir, 3 miles from main 
plant, has capacity of 880 million gallons. New supply system, drawing water 
from Kentucky River, 7 miles distant, consists of low-lift pump housed in 
wheeled car to provide for 40-foot variation in river stage, 12-inch galvanized 
line to high-lift pump, 20-inch welded steel pipe line up 375-foot, steep bank 
of river, and 36,000-foot, 20-inch, cement-lined, centrifugally cast, iron pipe 
line, connecting with existing system. Car housing low-lift pump is moved 
up and down standard gage track by winch and cable, only 2 men being re- 
quired for this operation. Suction piping and connection to line between low 
and high lift pumps are of rubber. Shortening of line is accomplished by un- 
bolting required number of sections of flanged galvanized pipe and recon- 
necting hose at new point.—R. E. Thompson. 


Great Hydraulic Engineers of New England’s Classic Period. CHar.zs 
W. Suerman. Eng. News-Rec., 107: 475-9, September 24, 1931. Brief 
biographical sketches of 16 of most important early contributors to hydraulic 
science in New England.—R. E. Thompson. 


Rotation Raises Strength of Concrete Test Cylinders. L. E. Hoven. Eng. 
News-Rec., 107: 618, 1931. Compressive strength of test cylinders, position 
of which was changed at intervals during setting period, was found to be from 
16 to 40 percent higher than that of cylinders allowed to set undisturbed in 
usual manner, increase varying directly with water-cement ratio. Cylinders 
also showed distinctly columnar fracture, rather than usual conical fracture, 
mortar matrix adhering to both top and bottom of large aggregate particles. 
This confirms previously-formed conclusion that bond between paste and 
aggregate is weaker on under faces of stone, probably due to formation of 
film of water at this point, and provides possible explanation of part of loss in 
strength which accompanies increase in water-cement ratio.—R. E. Thompson 
(Courtesy Chem. Abst.). 


Modernizing Gate Valves at Detroit. M. D. Corsin. Eng. News-Rec., 
107: 855, November 26, 1931. Brief outline of program adopted in Detroit for 
enclosing gears of all gear-operated valves in housing which will permit opera- 
tion in oil. In order to make housing of reasonable size, it was found necessary 
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to reduce size of gears and to use cast steel instead of cast iron on all sizes 
except 24-inch. Difficulties in operation had been experienced because of 
irregularities in cast teeth, cement mortar spilled in gears when making well 
roof, and mud in bottom of wells.—R. E. Thompson. 


Methods of Dealing with Ice Problems in Hydro-Electric Plants. Cont. 
Rec. and Eng. Rev., 45: 1132-4, September 23, 1931. Summary of methods em- eee 
ployed in dealing with ice problems in hydro-electric plants, based on informa- See ‘ 
tion secured from large number of companies in Canada and United States by * e 


National Electric Light Association.—R. E. Thompson. a 
Typhoid Fever Epidemic at Essex. A. E. Berry. Can. J. Pub. Health, 22: +". 


275-81, 1931. Typhoid outbreak in Essex, Ont., in 1929, involving 49 cases but 

no deaths, is believed to have been caused by pollution of underground reser- 
voir by seepage of water which had backed up through storm sewer and es- 
caped from open-joint drain installed to carry roof water from pumping sta- 

tion. Thesupply, obtained from wells, contains much sulphuretted hydrogen, ci 
which interferes with chlorination, chlorine demand being as high as 30 p.p.m. 216 
prior to aération. Chlorination had not been practised for some time prior a 
to epidemic. Aération by introducing compressed air through diffuser plates’ 
in one reservoir has been found effective for removing H.S.—R. E. Thompson oo 
(Courtesy Chem. Abst.). aaa 


Water Distribution System Development. F.H.SrepHmenson. Eng. News- a 
Rec., 107: 499-501, September 24, 1931. Brief general discussion of distribu- = | 
tion system design. To assure orderly growth, comprehensive plan must be a: 
evolved, to which each unit of system enlargement should conform. Plan ~~ 
should present in some detail bird’s-eye view of completed system, general 
routes and sizes of feeder mains, boundaries of service zones, location of re- 
serve storage and of booster stations, and other data of importance.—R. E. | 
Thompson. 

Modernization of the Distribution System and Its Accessories. H. W. ee Sy. 
GriswoLtp. Eng. News-Rec., 107: 504-7, September 24, 1931. Illustrated _ e 
discussion of developments in distribution system materials and accessories.— 3% - 
R. E. Thompson. 

Great Economies Achieved by Modern Pumping Equipment. W.M. Wuirts. 
Eng. News-Rec., 107: 486-7, September 24, 1931. Brief discussion of develop- 
ments in pumping equipment.—R. E. Thompson. a 


Well Water Deterioration through Excessive Pumpage. Texas State Dept. of vos 
Health. The development.of the coastal plains of Texas has demonstrated one : 
important fact to water plant operators, well drillers, and all interestedin 
water production and waterworks operation; that is, that the quality of well © ‘i 
water is not a constant thing. The Beaumont-Port Arthur-Port Neches sec- 
tion, for example, is capable of initially producing a satisfactory and palat- 
able water at depths of 550 to 750 feet. However, as the pumpage of these _ 
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particular wells is increased and the hydrostatic pressure reduced, the under 
or overlying salt water is drawn into the sweet water strata. The wells con. 
sequently become increasingly briny. Wells, which at initial flush of produc. 
tion have a chloride content of possibly 35 to 45 p.p.m. can be quickly spoiled 
by excessive pumping and the chloride content may increase to 300 p.p.m. or 
higher. These facts are more or less true in large areas of the state. Water 
producers therefore must watch the quality of their water and regulate pump- 
ing accordingly. Other factors, of course, can also account for changed water 
quality —A. W. Blohm (Courtesy U.S. P. H. Eng. Abst.). 


Liability in Typhoid Fever. Weekly Bulletin Calif. Dept. of Public Health, 
10: 37, 147, October 17, 1931. Because of the fact that individuals employed 
in labor camps have been furnished raw river water, and have contracted 
_ typhoid fever, it is probable that this practice will be taken into the courts. 
The liability of cities to furnish pure water supplies has been established defi- 
_ nitely bythe courts. It is not known that the liability of employers to furnish 
pure water to labor camps has ever been acted upon by the courts, but it would 
_ appear that the liability of such employers of labor will be tested by cases that 
are now pending.—A. W. Blohm (Courtesy U. S. P. H. Eng. Absts.). 


Studies of Chlorination of City Water. Report of Municipal Hygienic In- 
stitute, Osaka, Japan, 1926. Tests were made at the highest temperature pre- 
_ vailing (37°C.); the medium temperature (22°C.) and the lowest temperature 
(1° to 4°C.). Chlorine was supplied to the tap water, river water and sewage 
at a rate of 0.2 to 1.0 p.p.m. every 5 min. during 48 hrs. At the high tempera- 
ture more chlorine was added. In the summer, i.e., July, August, September 
the average monthly temperature of water varies from 25° to 29°C. The 
amount of Cl required for sterilization of filtered tap water was 0.2 p.p.m. 
and for river water 0.5 p.p.m. In spring and autumn i.e., April, May, June, 

: October, November the temperatures of the water vary from 12 to 21°C. for 

. 4 filtered water. Tap water 0.3 p.p.m. chlorine for river 0.7 p.p.m. In winter, 
sie, December, January, February, March temperature of the water was 6° 

. to 9°C. for the filtered water, 0.5 p.p.m. chlorine, for river water 0.7 to 1.0 
ehlorine.—A. W. Blohm (Courtesy U. S. P. H. Eng. Abst.). 


; An Epidemiological Study of Suspected Water-Borne Gastroenteritis. M. 

-V. American Journal of Public Health and The Nation’s Health, 
ss 2: 11, 1227, November, 1931. Describes the epidemic that broke out in 
-——- Charleston, W. Va., late October, 1930. Several other cities throughout the 
Ohio Valley also had slight epidemics with the same clinical description as at 
ek Charleston. In Charleston there were approximately 9000 cases. It appeared 
from the study that the causative agent was contained in some vehicle common 

to Charleston and the other cities and it was the public water supply. The 
__—-: supply usually was obtained from the Elk River but for the period of the out- 
break the water was largely from the Great Kanawha. The natural assump- 
tion was that the epidemic was caused by a bacterial infection made possible 
by a let-down in the sanitary quality of the drinking water, but there was no 
evidence to prove this. There was no break in the purification processes as 
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shown by the B. coli indices. In addition this outbreak of acute gastroenteri- __ 


tis was not followed by an increase in the prevalence of typhoid fever which 
surely follows the drinking of inadequately treater Ohio River Water. The 
evidence strongly suggests that the acute gastrointestinal symptoms were 
brought about by the presence in the water of some chemical irritant whose 
physiological action simulated a strong purgative. The evidence does not 
show whether this chemical irritant was a cleavage product of bacterial action, 
a new chemical produced by bacterial synthesis, or the result of increased 
chemical concentration in the water brought about by a decrease in the diluent. 
There is at least a slight suggestion from the evidence that the toxic substance 
originated in the Great Kanawha River and was released into the Ohio when 
the dams were lowered on the Great Kanawha late in December, thereby re- 
leasing the pent-up wastes in a concentrated form which affected the public 
supply of each city as it moved down stream.—A. W. Blohm (Courtesy U. 8. 
P. H. Eng. Abst.). 


Some Disjointed Observations about Water Supplies. E. A. SAnrorp Faw- 
cert. The Surveyor, 80: 2078, 490, November 20, 1931. The per capita con- 
sumption of water is steadily increasing while the quantity of suitable water 
from unpolluted sources is tending to decrease owing to building developments, 
land drainage, etc. Consequently treated or sterilized waters must come into 
more general use. With the growth of populations, increasing river pollu- 
tion must be expected, regardless of preventive measures. Hence the 
principal reliance must more and more be placed on water purification meas- 
ures for safe supplies rather than to strive after the possibility of attaining the 
impossible ideal of non-polluted rivers. To conform to present practice and 
in the light of later knowledge of river conditions the River Pollution Act of 
1876 should be revised to establish reasonable and attainable standards. The 
new methods of assessing compensation water as proposed by the Ministry of 
Health in 1930 should be tested and adopted in all suitable cases. These re- 
vised procedures will insure increased benefits to the water using public and to 
riparian owners as well, The Reservoir Safety Provisions Act of 1930 filled 
an urgent need for intelligent design and periodic inspection of dams forming 
water storage reservoirs, to insure protection of life and property in the valleys 
below such structures. The separate qualifications of engineers for design and 
for inspection might be revised to comprise one group only instead of two as at 
present. The question of legal rights of water mains in highways is discussed 
at some length from the standpoint of alterations in grading, paving, etc., 
which may uncover, bury or make inaccessible existing water piping thereby 
increasing very materially repair or replacement costs. At present water 
companies have no recourse in law for recovery of such added expense. The 
author, previously opposed to the use of steel pipe for water mains on the 
same anticipated length of life as cast iron has modified his views because of 
improvements in protective coatings. He anticipates that “the water mains 
of the future will be formed to an increasing extent of some material which will 
beno less liable to fracture than cast iron and which will either be adequately 
protected against corrosion or will be non-corrodible to an extent which will be 
adequate for all practicable purposes.—A. W. Blohm (Courtesy U. S. P. H. 
Eng. Abst.). 
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Public Water Supplies in Virginia. Virginia Health Bulletin, 23: 4, April 
1931. This bulletin covers, first, some interesting history of the development 
of water purification in the United States since the beginning of such prac- 
tice in this country in 1870. Progress in Virginia is covered from the installa- 
tion of the first filtration plants at Norfolk and Petersburg in 1898. At the 
beginning of 1900 there were two filtration plants, serving a population of 
68,430 and 67 untreated supplies, serving a population of 308,246. By the end 
of the year 1930 there were 87 places, having a total population of 721,499 
served with filtered water; 56 places totaling 158,097 population served with 
water treated with chlorine, and 118 places with a population of 84,605, secur- 
ing water from sources such as to render treatment unnecessary. This prog- 
ress indicates that at the end of the year 1930, approximately 40% of the 2.5 
million population of the state were served with water from the approved 
public supplies. Of the persons served by the public supplies, approximately 
70% are furnished with filtered and chlorinated water; 16.4% with water 
_ treated with chlorine only; 4.8% filtered only, and 8.8% untreated. The bulle- 
tin contains further a brief description of the usual design of water filtration 
plant, with an explanation of the function of the common chemicals used in 
water purification. Measures used for drought relief during 1930 are included 

with the description of each place where emergency measures were required, 


—A.W. Blohm. (Courtesy U.S. P. H. Eng. Abst... 


8 Changes in the Teeth of White Rats Given Water from a Mottled Enamel 
Area Compared with Those Produced by Water Containing Sodium Fluoride. 
W. H. Sesrecyt, H. T. Dean, E. E_vove and R. P. Breavx. U. 8. Public 
Health Report, 48: 17, 437, April 28, 1933. Since the etiological factor in the 
production of mottled enamel is apparently associated with the water supply 
it was decided in this experiment to incorporate the fluoride into the drinking 
water. The experimental animals were divided into five groups of six rats 
each. Group I was given distilled drinking water. These animals grew 
normally and presented no evidence of disease, the teeth showing the orange 
color of normal rats. Group II was given Conway, S. C. water which had been 
i: concentrated to one tenth of its volume by evaporating at about 85°-90°C. 

_ Within 10 days the normal orange color had disappeared from the labial sur- 
faces of the lower incisors, and within 80 days the entire length of the lower 
_ incisors was covered with small brown spots. Group III was given a synthetic 
drinking water comparable quantitatively to the concentrated Conway water 

and containing all the ions present in the Conway water with the exception of 
_ fluorine. The teeth of these animals were the same as normal rats. Group 
_ IV was given a synthetic drinking water containing 150 p.p.m. sodium fluoride 
in distilled water. The teeth of these rats were affected in a similar manner 
to those on Conway water. Group V was given distilled water containing 500 
p.p.m. sodium fluoride. Within 10 days the lower incisors had lost their orange 
color, and by the end of 52 days the teeth of some of the rats had broken off at 
the gingival margin or at the tips so that the opposing teeth became abnor- 
mally long. The upper incisors then tended to form an arc of a circle and pene- 
trate the palate —A. W. Blohm. 
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The Olean City Epidemic of Typhoid Fever in 1928. Arcuipaup 8. Dean. 
American Journal of Public Health and the Nation’s Health, 21: 4,390, April 
1, 1931. The epidemic of typhoid fever in Olean, N. Y., a city of 21,559 popu- 
lation, during the fall of 1928 was definitely traced to the water supply. Fail- 
ure on the part of city water department authorities to make residual chlorine 
tests on water from a source of supply that might at any time become polluted 
caused the water to be pumped into the distribution mains for drinking pur- 
poses without sufficient chlorination to take care of the polluted river water 
that entered this suction line when the line became defective. A total of 248 — 
cases of typhoid fever developed in the city between August 12 and December _ 
8, 25% of which were fatal. The responsibility for this epidemic was assumed _ 
by the city and the State Legislature authorized the city of Olean to issue 25 — 
year bonds to the amount of $425,000 to pay the cost of the care of the Olean © 
typhoid cases and settle claims. The loss to Olean business because of this _ 
typhoid fever epidemic was estimated by the Chamber of Commerce to be not 
less than $200,000. Changes and enlargements in the Olean filtration and 
chlorination plant since this outbreak have cost the city $125,000.—A. W. 
Blohm (Courtesy U. S. P. H. Eng. Abst.). 


Magnesium Metal for Water Treatment. H. Bacu. Gesundheits-Ingenieur, 
56: 46, 545-7, 1933. Filtration of water through magnesium metal turnings 
was successful on laboratory scale for de-chlorination, de-acidification, and 
impartation of alkalinity and is proposed for plant use. Turnings are now 
obtainable as scrap and have large reactive surface. At present German 
prices, magnesium for removal of 1 kg. of free chlorine costs 1.4 RM. Caleula- 
tions from laboratory data show commercial feasibility of complete removal of 
free carbon dioxide from water by this method. It is more efficient than either 
aération, or filtration through marble, and has other advantages over latter. 
Magnesium added to water in de-chlorination is insignificant and in de-acidifi- 
cation it would usually be small. pH can be raised to 8 by this treatment. 
Investigation of commercial applications, e.g., for boiler feed water, is still in 
progress. Further work is contemplated, especially on bactericidal effects 
of treatment.—Selma Gottlieb. 


Errors in Determination of Carbonate in Boiler Waters. W.C. ScuroEDER. 
Ind. Eng. Chem., Anal. Ed., 5: 6, 389-93, 1933. Winker method is not re- 
liable in presence of much sulfate, especially if hydroxide content is high, due 
to adsorption of hydroxide by barium sulfate precipitate. Use of strontium 
chloride instead of barium chloride gives good results, but boiling is necessary. 
Phenolphthalein-methyl-orange method is not accurate for carbonate con- 
centrations below 60 p.p.m., because methyl-orange endpoint does not any 
longer correspond to assumed stoichiometric relations, although phenolphthal- 
ein endpoint remains fairly reliable. An indicator changing at higher pH 
than methyl-orange might be better; but any method chosen should be checked 
against evolution method.—Selma Gottlieb. 


The Corrosion-Time Relationship of Iron. R. F. Passano. Ind. Eng. 
Chem., 25: 11, 1247-50, 1933. Author states tentatively that in underwater 
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corrosion, initially, extent of corrosion is proportional to time; but that rate 
of corrosion decreases, if rust layers formed retard diffusion of oxygen and ions 
and that attack may be completely stopped under certain conditions, Same 
seems to hold in atmospheric corrosion, if variation in rainfall is considered 
In soil corrosion, limiting depth of pits found in Bureau of Standards tests 
seems to vary with soil type. More data are needed to determine best pipe 
thickness under given conditions.—Selma Gottlieb. 


Effect of Addition Agents upon the Corrosion of Aluminum by Alkalies. F. 
H. Ruopes and F. W. Berner. Ind. Eng. Chem., 25: 12, 1336-7, 1933. Of 
substances tested, only glucose and gelatin showed specific inhibiting effect 
against attack by caustic alkali. Inorganic salts of alkali metals increased 
rate of attack; sodium metasilicate, in rather high concentrations, decreased 
it, but caused pitting. Simple aliphatic alcohols caused little specific inhibi- 
tion and phenolic compounds, none.—Selma Gottlieb. 


Determination of Silicon in Sea Water. THomas G. THompson and Harotp 
G. Hovutton. Ind. Eng. Chem., Anal. Ed., 5: 6, 417-8, 1933. Details are 
given for application of molybdate method to sea water, and for preparing 
pure picric acid standards. These were found stable for 17 months.—Selma 
Gottlieb. 


Direct Titration of Sulfate. W.C. Scuroeper. Ind. Eng. Chem., Anal. 
Ed., 5: 6, 403-6, 1933. Method developed for boiler waters. Using tetra- 
hydroxyquinone as internal indicator, 2 to 20 mg. of sulfate in 25-cc. sample 
can be titrated directly with 0.025 normal barium chloride solution, after add- 
ing 25 cc. of ethyl alcohol. At end point, red barium salt of indicator appears. 
No error is caused by 7.5 mg. of carbonate, 5 mg. of aluminum, 25 mg. of sili- 
cate, or 15 or more mg. of magnesium. Calcium does not interfere unless 
enough is present to cause precipitation of calcium sulfate by the alcohol. 
Hydroxide and chloride are without effect, but iron above 0.1 mg. must be 
removed. Method is accurate to +0.2 mg. of sulfate in range studied.—Selma 
Gottlieb. 


Is Goiter Due to an Iodine Deficiency per Se? Harotp Levine and Rog 
E. Remineton. J. Chem. Education, 10: 11, 649-59, 1933. Review, with 
bibliography of 129 titles. It is concluded that, though goiter can develop 
because of an iodine deficiency per se, the need for iodine may be increased by 
various factors. Possible or proven réles of dietary factors, calcium, light, 
temperature of environment, seasonal variations, influence of endocrine glands 
other than the thyroid, vitamins, infection, and chemical stimulation are 
discussed. A simple dietary technique is given for production of goiter in 
experimental animals.—Selma Gottlieb. 


An Investigation of the Chlorine-Silver-Copper Process for the Purification 
of Swimming Pool Water. A. Beck. Arch. f. Hyg. u. Bakt., 1932, 109: 177- 
188. Experiences with the Chlorine-Silver-Copper Process of Purifying 
Swimming Pool Water. A. Beck. Ibid., 189-98. From Bulletin of Hygiene, 
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g; 3, 204, March 1933. First paper recounts experiments to determine whether 
smaller doses of chlorine could effectually sterilize swimming pool water, 


when aided by bactericidal action of copper and silver. Best results were 
obtained with chlorine-copper combination, with which greater residual was 


obtained (using ordinary chlorine dosages) than with chlorine alone, thus _ 


permitting reduced chlorine dosage. Second paper confirms conclusions in 
first.—Arthur P. Miller. 


Algal Growth in Reservoirs. Experiences at Bedford, England. G. K. © 


Bowes. Municipal Eng., 1932, 90: 134. From Bulletin of Hygiene, 8: 4, 
981, April 1933. Growths of Synedra and Cyclotella were abated with copper 
sulphate. Protococcus passed through filters. Mechanical alterations are to 
be made in filters and chloramine treatment started if further troubles occur. 


—Arthur P. Miller. 


Report of the Committee on Algae Nuisance. Monthly Bull. Philippine — 


Herv., 1932, 12: 248-61. From Bull. of Hygiene, 8: 4, 281, April, 1933. Manila 
P.I., has been troubled by decomposing algae in water courses running through 
city. Committee’s recommendations include construction of gates in trouble- 
some rivers to keep out algae-laden water, and occasional chemical and bio- 
logical examination of water in Laguna de Bay, the growing point of the 
algae, with view to systematic algae destruction there by chemical treatment, 
besides other technical and legislative measures looking to more permanent 
correction of conditions.—Arthur P, Miller. 
The Re-Use of Town Sewage for Domestic Supply. Beyreis. Z. f. Med.- 
Beamte, 1932, 45: 231; Gas- u. Wasserfach, 1932, 75: 779. Bull. of Hygiene, 
8: 5, 363, May 1933. Discussion of ImHorr’s proposals. Organic and inor- 
ganic constituents, as well as bacteria, may cause damage to health. Warning 
is sounded that medical authorities should have final say on questions of water 
and sewage hygiene.—Arthur P. Mille. » 
b: Yio at 
The Disinfection of Drinking Water by Chlorination and Its Application in 
the Army. X.-M. Cristavu. Arch. Med. Mil., 1932, 96: 237; Zbl. ges. Hyg., 
1932, 27: 694, Bull. of Hygiene, 8: 5, 362, May 1933. Description of develop- 
ment of use of chlorine for disinfecting water. DréNertT’s opinion regarding 
quantities necessary to kill certain organisms is given. BuNAvU-VARILLA and 
TecHovEyREs consider chlorination a physical process, having found that 
disinfection can be accomplished by quantities of chlorine too small to have 
achemical action. Chlorine tastes, superchlorination, and dechlorination are 
discussed.— Arthur P. Miller. 


The Cooling of Drinking Water. H.Freunp. Gesund. Ing., 1931, 54: 617. 
Bull. of Hygiene, 8: 5, 362-363, May 1933. Four types of cooling plants are 
described: (1) closed, of electric refrigerator type; (2) circulation systems 
with central cooling place; (3) systems with repeated cooling; (4) central cool- 
ing machine without circulation.—Arthur P. Miller. 
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Biology of the Colombo, Ceylon, Water Supply. L. F. Hirsr. Ceylon J 
Sci., 1932, 2: 203. Bull. of Hygiene, 8: 5, 363, May 1933. Discussion of ion 
and fauna of hygienic importance in water of Labugama lake. Statoblasts of 
Fredericella indica and Plumatella longigemmis give rise to increase in bac- 
teria. Sulphur, iron, and chromophile bacteria result respectively in gyl. 
phuretted hydrogen, ferruginous coloration, and pigmentation. Tests for 
distinguishing different types of lactose-fermenting bacilli, with especial 
reference to tropical waters, are described.—Arthur P. Miller. 


A Deep-Well Water System. THropore Resp KENDALL. The American 
City, 48: 3, 41-43, March 1933. Selma, Ala., supply comes from 4 air-lift wells 
varying from 450 to 490 feet in depth and from 4 to 8 inches in diameter from 2 
electrically-pumped deep wells, and from new gravel-well well and passes, 
successively, through aérator system (constructed in duplicate), mixing flume, 
settling basin, and rapid sand filters and is finally chlorinated.—Arthur P. 
Miller. 


$4,000 for Leakage Survey Saves $500,000 in Water. A. R.O’Reitty. The 
American City, 48: 3, 45-6, March 1933. In 1926, 48 percent of water pumped 
in Reading, Pennsylvania, was unaccounted for, thus throwing excessive load 
on purification plants. Continuous leakage survey was consequently started 
in 1927. Two leak patrolmen cover the 160 miles of piping every three weeks. 
Arresting leaks thus detected and checking by meter readers of consumers’ 
services had by 1931 reduced unaccounted-for water to 2.82 million gallons 
daily, which included water for public uses. Hence, annual patrol, costing 
$4,000, saves city in water alone $500,000 a year at present sale price, besides 
postponing necessity for major extensions.—Arthur P. Miller. 


Protecting Water Works From Floods. F. E. Hauu. The American City, 
48: 3, 53-54, March 1933. When main water plant at Greenville, Miss., was 
inundated to depth of 6 feet during floods of 1927, at first two small private 
wells on higher ground in city and later a third auxiliary well on still higher 
ground in city were used temporarily. This last became grossly polluted and 
chlorination had to be resorted to. New wells with casings carried sufficiently 
high above ground level to be secure against contamination by flood water are 
now being drilled. Pumps with above-ground discharges and with alternative 
sources of energy will be installed on these wells. New reservoir above flood 
level and accurate mapping of distribution system are included among pre- 
cautions being taken against interruption by future floods.—Arthur P. Miller. 


a2 The War on Mud Balls. Epwarp S. Hopxins. The American City, 48: 
. 4, 57-59, April 1933. Describes, in interesting way, mud balls in filters; belief 
is expressed that their formation is caused by compacting together of dirty 
: sand grains, which, in turn, result from lack of proper bed washing. Use of 
— sand at least 0.5 mm. diameter, with high velocity wash, will keep beds free of 
mud deposits.—Arthur P. Miller. 


Rebuilt Water Works Includes Softening. E.L.Livm. The American City, 
48: 4, 43-45, April 1933. In Grand Forks, North Dakota, water treatment 
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plant, rebuilt to include softening, aération and premixing take place in aéra- 
tion chambers, where lime, sodium aluminate, and soda ash are principal 
softening and coagulating agents applied. Mechanical mixing is then fol- 
lowed by double-stage clarification. After first clarifier, water is carbonated 
sufficiently to remove practically all caustic alkalinity, and after second clari- 
fier, enough carbon dioxide is added to bring pH to between 8.3 and 8.6, and 
water passes to sand filters. On basis of average conditions, seventeen grains 
of lime, 2 grains of soda ash, and 0.65 grain of sodium aluminate per gallon 
suffice to reduce hardness from 278 to 81 p.p.m. Notwithstanding added fea- 
ture of softening, cost of treatment per m.g. in new plant is less than that in _ 
former plant. Numerous advantages of softening municipal water are cited. _ 
—Arthur P. Miller. ia 

High-Speed Diesel Engines for Water-Works Pumping Stations. ELLiorr a 
Eart. The American City, 48: 4, 46-48, April 1933. Advantages and, es- 
pecially economy of adoption of high-speed Diesel engines in water-works 
pumping stations. Diesel fuel injection system and Diesel fuels are discussed. 
—Arthur P. Miller. 


Solubility of Lead in Water. J. Zinx. Zeitschrift fiir analytische Chemie, 
91: 246-258, 1933. From Chemistry and Industry, 52: 14, B 286, 
April 7, 1933. Distilled water containing from 8.4 to 9.0 p.p.m. of oxygen 
dissolves from 87 to 106 p.p.m. of lead in 24 hours, giving solution of lead 
hydroxide, having pH value of 9.5 to 9.7, which rapidly becomes turbid 
and deposits basic lead carbonate. Water containing 623 p.p.m. free carbon — 
dioxide dissolved only 24.4 p.p.m. of lead in 24 hours. Presence of soluble Y 
bicarbonates still further reduces solubility of lead, even in presence of free __ 
carbon dioxide; high chlorides (200 to 700 p.p.m.) have similar effect, but ac- E 
tion of sulphates is not so marked, and nitrates increase solubility, whichis __ 
reduced again by simultaneous presence of carbon dioxide. Bearing of these a 
facts on use of lead pipes for drinking water is discussed briefly.—W. G. Carey. 


a 
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Softening of Feed by Phosphate before Purification. W. Westy. Ange- 
wandte Chemie, 46: 19-20, 1933. Residual hardness after softening with 
caustic soda can be reduced by phosphate. After one hour, reaction is prac- | 
tically at an end. Best result with phosphate is obtained when only small — 
excess of caustic soda is present.—W. G. Carey. 


Importance of Ammonia in the Chlorine Consumption of Waters. I. M. L. 
Koscuk1n. Zeitschrift fiir Hygiene, 114: 413-424, 1932. From British 
Chemical Abstracts B. 1933, 254. Addition of ammonia (one eighth of chlo- 
rine used) reduced chlorine consumption of water. Larger proportionscaused _ 
relatively small reductions in chlorine required, and action was much more 
marked upon organic matter of vegetable, than upon that of animal, origin.— __ 
W. G. Carey. 


Detection and Determination of Iron in Drinking Water. J. Prescuer. 
Pharm. Zentr., 74: 237-238, 1933. From Chemistry and penises %, 
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B. 526, June 30, 1933, When potassium thiocyanate is used to determine j Iron, 
chlorine is not recommended for ferrous oxidation, as it causes color to fade. 
it may, however, be used, if excess removed.—W. G. Carey. 


Colorimetric Determination of Hydrogen Sulphide in Water by Phosphotungs- 
tic Acid. L.N.LapinandW.0O.Hein. Zeitschrift fiir Hygiene, 114: 605-609, 
1933. Definite blue color is given with phosphotungstic acid by 0,003 milli. 
gram hydrogen sulphide in 100 cc. of water. In amounts ordinarily present jp 
water, alkali metals, iron, chlorine, bromine, nitrate, sulphite, sulphate, and 
phosphate do not affect color. Addition of tartaric acid prevents formation 
of precipitates from high potassium or magnesium. Certain organic com. 
pounds also produce blue color —W. G. Carey. 


Detection and Determination of Manganese in Drinking Water. L. W. 
WinkieR. Pharm. Zeutr., 74: 148-150, 1933. From Chemistry and Industry, 
52: 18, B 366, May 5, 1933. Water is evaporated with potassium chlorate and 
hydrochloric acid; residue is treated with nitric acid and manganese is de- 
termined colorimetrically, after addition of silver nitrate and potassium per- 
sulphate. Method is unaffected by color, iron, or water turbidity.—W, G, 
Carey. 


The Separation and Determination of Traces of Lead in the Presence of Small 
Quantities of Iron. J.H.Hamence. Analyst, 57: 679, 622-626, October 1932. 
In colorimetric determination of traces of lead by sulphide method, interfer- 
ence of iron is eliminated by treating solution with nitric acid, to oxidise fer- 
rous iron, and with ammonium thiocyanate and extracting with mixture of 
equal volumes of ether and amyl alcohol; lead thiocyanate is practically in- 
soluble in this solvent whereas iron thiocyanate is very soluble. If copper is 
present, it yields a yellow thiocyanate which is partly extracted by the solvent; 
but remaining color is discharged va addition of ammonia ory — 
W. G. Cavey: 

roe! 

Determination of Small Quantities of Aluminium in Waters. E. NAuMANN. 
Chemiker Zeitung, 57: 315-316, 1933. Hartrie.p’s method (Ind. Eng. Chem., 
16: 233, 1924), depending on the formation of colored lake produced with sol- 
uble aluminum salts and hematoxylin in solution buffered with ammonium 
carbonate, has been used successfully in Prussian agricultural institute, and 
lead, zinc, and copper do not interfere, while interference of iron may be 
avoided by addition of similar amount to aluminium comparison solution.— 
W. G. Carey. 


Colorimetric Determination of Lead in Water. O. and L. 
Angewandte Chemie, 45: 742-745, 1932. Colorimetric comparisons of lead 
produced by alkali sulphide must be dispersed to same degree by protective 
colloid. If lead content is below 3 p.p.m. good results are obtained by adding 
100 ce. of water to be tested to mixture of 1 cc. of 1 percent gum arabic, 0.5 ce. 
of 30 percent acetic acid and 0.1 cc. of 10 percent sodium sulphide (9 H20) 
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of Dispersion in Suspensions. K. A. Poutitow. Jour. Phys. Tech. Russ., 


if 
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and comparing with standard solution titrated with solution containing 0.02 
gram of lead per litre —W. G. Carey. 


Determination of Hardness by Wartha’s Method in the Case of Water High in 
Chlorides. Braver and Reiss. Chemiker-Zeitung, 56: 903, 1932. Effect : 
of large additions of sodium chloride in modifying results by Warrua’s 
method has been found to be due to magnesium and calcium content of sodium 
chloride used.—W. G. Carey. 


Investigation and Detection of Iron in Potable Water. L. W. WINKLER. 
Pharm. Zentralhalle, 74: 129-132, March 2, 1933. Add 3 drops fuming hy- 
drochlorie acid, and a very small quantity of potassium chlorate to 10-cc. 
sample. Heat to boiling. Cool. Add 1 to 2 cc. 20 percent solution of potas- 
sium thiocyanate. Red tint shows presence of iron. Limit of sensitiveness 
is 1 p.p.m. Colorimetric quantitative determinations may be made by pre- 
paring standards containing known quantities of iron.—R. DeL. French. 


Investigation and Detection of Manganese in Potable Water. L.W. WINKLER 
Pharm. Zentralhalle, 74: 148-150, March 9, 1933. Add 0.1 gm. potassium chlo- 
rate and small quantity of hydrochloric acid to 100-cc. sample. Evaporate to 
dryness over water bath. Add 10 cc. 10 percent nitric acid, and evaporate to 
dryness over water bath. Repeat. Dissolve residue in 10 ce. dilute nitric 
acid, and filter through cotton. Add 1 drop 0.5 percent silver nitrate, and 
0.5 gm. persulphate. Heat to boiling. Manganese gives a rosy tint. Com- 
pare with potassium permanganate standards. Limit of sensitiveness is 1 part 
in 100,000.—R. DeL. French. 


Use of a-a’-Dipyridyl for the Determination of Ferrous Iron and Total Iron 
in Natural Waters. H.Mervuiier. Mikrochem., 12: 307-314. Prepare stand- 
ard tubes, adding to each known quantities of solution of ferrous iron. Add 
10 percent solution of sodium sulphite, 2 drops concentrated hydrochloric acid, 
than more sodium sulphite solution to make up to volume. Shake, add 2 drops 
5 percent solution of mercuric chloride, and shake again. These standards 
will not deteriorate for months. To test water, add 2 cc. of 1 percent solution 
of a-a’-dipyridyl in N/10 hydrochloric acid to sufficient sample to fill tube 
uniform with standards. Shake and allow to stand for 5 mins. Compare 
colour with standards. This give ferrous iron. For total iron, add 2 drops 
hydrochloric acid and a few sodium sulphite crystals to sample, and shake 
until crystals are dissolved. Then proceed as before. Limit of sensitiveness 
is 1 part in 80,000,000—R. DeL. French. 


The Permeability of Concrete. M. Mary. Ann. des Ponts et Chaus., 103: 
467-486, May-June, 1933. Good discussion of methods of testing, and of fac- 
tors which may affect permeability, particularly réle played by character of 
percolating water.—R. DeL. French. 


Methods of Analyzing the Sedimentometric Curves for Estimating the Degree 
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II, 1932: 756-774. Developes general theory of sedimentometric analysis, 
and compares various types of sedimentometers.—R. De L. French, tary 


Rabattement de la Nappe Aquifére au Moyen de Puits Emulseurs Réalisé pour 
les Fondations d’une Ecluse 4 Duong-Liéu, Tonkin (Lowering the Ground Water 
Level with Wells and Air Lifts for the Foundations of a Dam at Doung-Liéu, 
French Indo-China). J. Cournaup. Ann. des Ponts et Chaus., 1933-1]; 
79-120, July-August, 1933. Against normal ground water level of 23 feet 
above foundations, no headway could be made by usual native bailing methods, 
Fourteen wells, 18 inches diameter, with open bottoms, but no wall perforations, 
were sunk in water-bearing sand by means of air lifts. Bottoms were sealed 
with coarse sand, broken stone, and the like, to form filters, and wells were 
pumped continuously with air lifts. This reduced water level substantially 
to the bottom of the excavation at very moderate cost.—R. DeL. French. _ 


NEW BOOK i 


Springs. J. Sriry. viii + 255 pp., 154 figs. J. Springer, Vienna, 1933, 


Sufficiently described by its title —R, French, 
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